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Cretinism was first correlated with endemic goiter by Paracelsus 
in the sixteenth century. Curling, in 1850, described cases of sporadic 
cretinism. It was recognized and described as a clinical entity in 1871 
by Fagge. In the latter half of the nineteenth century, after the dis- 
covery of the cause of myxedema and the part played by thyroid 
therapy in cases of abnormal glandular secretion, Sir Victor Horsley * 
and Murray,” in England, recognized the importance of thyroid adminis- 
tration in cases of cretinism. 

In 1895, Magnus-Levy * determined the metabolism of adults with 
exophthalmic goiter and found that it was increased, while in patients 
with cretinism or myxedema it was much diminished. 

In 1909, Bergmann‘ reported the metabolism of a 15 months old 
infant with severe infantile myxedema and concluded that its metab- 
olism of 790 calories for each square meter of body surface was much 
diminished. This conclusion holds true when compared with modern 
standards (the average for the age, according to Benedict and Talbot, 
being 1,190 calories). 

Du Bois,® in 1914, reported the basal metabolism of a 36 year old 
cretin, with a mentality of an 8 year old child, from 18 to 25 per cent. 
below the normal. After three days of thyroid therapy, he was able 
to raise the metabolism to normal. In 1916, Talbot ® found the metab- 


* Received for publication, Jan. 30, 1923. 

*From Children’s Medical Department, Massachusetts General Hospital. 

*This article is the first of a series of studies in metabolism from the 
Harvard Medical School and allied hospitals. The expenses of this investi- 
gation have been defrayed in part by a grant from the Proctor Fund of the 
Harvard Medical School for the Study of Chronic Diseases. 

1. Horsley, Victor: Brit. M. J. 1:111, 211, 1885. 

2. Murray: Brit. M. J. 2:798, 1891. 

3. Magnus-Levy: Berl. klin. Wchnschr. 32:650, 1895. 

4. Bergmann: Ztschr. f. exper. Path. u. Therap. 5:646, 1909. 

5. Du Bois, E. F.: The Total Energy Requirement of Disease, J. A. M. A. 
63:827 (Sept. 5) 1914. 
“in” Talbot, F. B.: Metabolism of a Cretin, Am. J. Dis. Child. 12:145 (Aug.) 








aie ay 





<¥ 


a= 











186 AMERICAN JOURNAL OF DISEASES OF CHILDREN 





olism of a cretin, 324 years old, to be 20 per cent. below normal. In 
1919, Means and Aub’ reported metabolic findings on a 20 year old 
cretin as being 23 per cent. below normal. Recently, H’Doubler * found 
a low basal metabolism in cretins. He was unable, however, to raise 
the metabolism after grafting a thyroid gland, and concluded that the 
children were either too old or were not adapted to thyroid grafting. 

Fleming ® has recently made a very important contribution to the 
study of cretinism and has reported in detail repeated observations on 
two cretins, one aged 23 months and the other 4 years and 8 months, 
before and during treatment. He confirmed the earlier observations 
that the basal metabolism of the untreated cretin is much below normal, 
and he was able to obtain an increase in the metabolism by the adminis- 
tration of thyroid extract. He showed conclusively that the omission 
of thyroid therapy results in a fall in the basal metabolism toward its 
previously low level, with a subsequent rise shortly after treatment was 
resumed. 

Ordinarily, unmistakable signs and symptoms of sporadic cretinism 
do not manifest themselves until the second half of the first year of life. 
In the majority of instances, the onset is insidious, and the charac- 
teristic physical signs may not appear until the end of the first year, 
or later. 

An explanation for the delay in the appearance of the symptoms 
is the possibility that up to the time of birth the fetus receives a supply 
of thyroid secretion through the placental blood which lasts for an 
indeterminate time and thus delays the appearance of the symptoms. 
It is not inconceivable that this is supplemented later by small amounts 
from the mother’s milk. 

Postmortem findings confirm the well-recognized fact that lack of 
thyroid secretion is the principle etiologic factor in cretinism, as shown 
by a complete absence or atrophy of the thyroid gland. While it is 
admitted that thyroid feeding invariably brings about physical and 
mental improvement, the physical improvement is nearly always greater 
than the mental. This lack of complete mental restoration stands out 
as a therapeutic failure, and stimulates further inquiry into the reasons 
why a complete cure is not obtained. The question naturally arises 
whether an early recognition of the disease and improved methods of 
administering thyroid extract might not result in a more complete 
restoration of the mental faculties. 

The purposes of this communication are, first, to show that determi- 
nations of the basal metabolism make possible an early diagnosis of 
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9. Fleming, G. B.: Quart. J. Med. 16:11, 1922. 
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cretinism before the usual clinical symptoms appear; second, to show 
the correct standard to use in childhood in determining whether a sub- 
ject is suffering from hypothyroidism or not, and third, to show that 
determinations of the basal metabolism are of distinct value in indicating 
the amount of thyroid which may be given with maximum efficiency. 

The growth of the infant’s brain is very rapid, and, at the end of 
the first year, it is two and one-half times the original size. -This is 
also the period of greatest proportional growth of the rest of the body. 
If the failure to obtain complete mental restoration can be traced to the 
absence of thyroid secretion during this period of rapid growth and 
if the thyroid gland supplies a necessary substance for complete develop- 
ment of the brain cells, then the importance of an early recognition 
of cretinism cannot be overemphasized. 

Table 1 shows the basal metabolism findings in a series of ten 
cretins, including one case previously reported,® all of whom were 
studied in the respiration chamber at the Massachusetts General 
Hospital. 


TABLE 2.—ComparIsON OF WEIGHT AND BASAL METABOLISM OF UNTREATED 
CRETINS WITH THOSE OF NoRMAL CHILDREN 








Age According Age According 








Case Age to to Basal 
Weight Metabolism 
RN hed ain teal Gece bli weir Xow GR aie aeaN 23 mo. 89 mo. 5-6 mo. 
Ae ope sr eer rer 23 mo. 89 mo. 4 mo. 
8 FS ere er fore rence eo 3 mo. 3 mo. New-born infant 
Ge CMa eetene saves ciaeu hb ceegeeusienaed 4% mo. Birth New born infant 
6 mo. 1 mo. | 1 mo. 
10 mo. 3 mo. 3 mo. 
RAI Gabice ken nee ennsecdiwntinces anwar 6 yr. Ze yr. 6-7 mo. 
EL ai k ad cave Ncue teas dd dees veeweges 12% yr. 11 yr. 4 yr. 
NT os cs di Dudas Pee kwneeow en eaeawn 26 mo. &9 mo. 2 mo. 
te dan vader cddrsesee abate paseccece 3 yr., 8mo. 23 mo. 10 mo. 
We UII co Uc petrenavestsicevekekepnuses 5 yr. 4% yr. 2 yr. 





With the exception of Case 5 in which the patient had received 
thyroid from the age of 3 months and Case 3 in which the patient 
came under observation at the age of 3 months before thyroid defi- 
ciency had an opportunity to affect the growth in weight and stature, 
all the patients in this series were shorter and weighed less than normal 
infants of the same age. The proportion of their weight to their height 
was within normal limits; but the distribution of the weight was quite 
different from that of normal children, as shown by measurements, the 
trunk and abdomen being proportionately heavier than the extremities. 

A study of Table 2 reveals that the weight and basal metabolism 
of these untreated cretins fall very much below those usually seen in 
normal children. It also gives an indication of the age development of 
the untreated cretins of this series. 

Table 2 reveals that the basal metabolism and physical development 
of a cretin before treatment are considerably lower than they should 
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be, and illustrates the importance of the thyroid gland as a growth- 
promoting factor. 

In the accompanying charts, the metabolism of the untreated and 
treated cretins has been plotted for comparison with the normal, show- 
ing the heat production for each square meter of body surface, total 
calories referred to weight, and total calories with reference to age. 

Chart 1 shows the heat production for each unit of body surface of 
untreated and treated cretins in relation to the normal metabolism. 

The low distribution of the solid dots and crosses (untreated 
cretins) conforms in general to the results of metabolic studies on 
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1700 Untreated Cretin 
Treated Cretin 
Partially Treated Cretin 
Flemingo Untreated Cretia 
Fleming Treated Crstin 


Ys. 1 2 3 4 5 6 o i 


Chart 1—Basal metabolism of treated and untreated cretins: calories for 
each square meter with reference to age. The meaning of the symbols is 
the same in all of the charts. 


adult cretins (the metabolism of abnormal adults is usually compared 
with the normal heat production for each square meter of body sur- 
face). Some of the cases in this series fall so close to the normal 
limits that if the basal metabolism for each unit of body surface was 
the sole criterion used, a diagnosis of cretinism would not be justified. 
On the other hand, in seven instances, the metabolism was extra- 
ordinarily low. 
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A comparison of the metabolism of the treated cretins with the 
average curve for each unit of body surface is very misleading and 
presents a picture which would lead one to suppose that they were 
cases of hyperthyroidism. Consequently, a comparison with the normal 
heat production for each unit of body surface may convey an erroneous 
impression; the heat production for each kilogram of body weight is 
even of less value. Since careful and numerous measurements of the 
body were made according to the Du Bois linear formula, the measure- 
ments of the body surface are as accurate as possible, without directly 
measuring the surface area. 
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Chart 2.—Basal metabolism of treated and untreated cretins: total calories 
with reference to weight. 


A comparison of the total heat production with reference to the 
weight and age gives a better picture of the relation of untreated and 
treated cases to the normal. Chart 2 shows a comparison of the total 
heat production of the untreated and treated cretins with reference to 
weight in relation to the normal curve. 

The metabolism with reference to weight of the untreated cretins, 
with two exceptions (Cases 1 and 4), falls below the normal limits, and 
that of the treated cases rises above the normal in most instances. On 
this chart, there is a much more equal distribution of the cases than 
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there is when they are compared on the basis of body surface. The 
findings are about what one would naturally expect, since with thyroid 
therapy there is a loss of inactive myxedematous tissue and a marked 
rise in the metabolism toward normal. 

One patient (Case 4) was suffering from malnutrition. The 
expected metabolism for her weight is consequently higher than the 
normal. Compared with that of infants with the same degree of mal- 
nutrition without evidence of deficient thyroid, her metabolism was 
low. It was necessary in this case to give enough thyroid to bring 
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Chart 3—Basal metabolism of treated and untreated cretins: total calories 
with reference to age. 


the metabolism up to that which might be expected in a patient with 
the degree of malnutrition that she exhibited. The metabolism will 
probably remain above the standard for the weight until a gain in 
weight removes her from this classification. The height reached by the 
metabolism after treatment is well shown in Charts 1 and 2. 

The total metabolism of untreated cretins for each twenty-four 
hours, plotted to the normal curve for the age, reveals a more regular 
distribution of dots than on any of the other charts. 
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In the majority of cases studied, the most marked clinical improve- 
ment was not obtained until enough thyroid had been given to raise the 
metabolism to the expected metabolism for the age. 

Two treated cases in Chart 3 fall below the 10 per cent. variation, 
and the question might very well be raised as to whether these patients 
were receiving a sufficient amount of thyroid. The dose has been 
increased with benefit; but the level of the metabolism has not been 
determined. The difficulty of obtaining basal periods after treatment 
had been started was encountered in several instances and explains the 
lack of data after treatment in some cases. Fleming also encountered 
the same difficulty. 

The growth factor is probably the main cause of difference in the 
metabolism of childhood and adult life, and, as a consequence, age 
plays an important part in the interpretation of results. Chart 3 demon- 
strates that the metabolism of cretins is greatly retarded for their age. 
The low distribution of the dots of the untreated cretins shows a 
certain uniformity and suggests that it may be possible to predict the 
metabolism of an untreated cretin of a given age. 

Since the purpose of treatment in cretins is to bring them up to 
the average normal for the age, it seemed wise to give sufficient thyroid 
to bring the metabolism to the expected total metabolism for the age. 
The evidence to date is that this level must be reached before the best 
therapeutic results can be obtained. 

Basal metabolic studies are of distinct therapeutic value as an indica- 
tion of the correct dosage of thyroid. This is very well shown in Case 
5 of this series (E.W.), in which the patient was first seen at the age 
of 8 months, after receiving small doses of thyroid for five months. 
The amount of thyroid was increased to 3 grains (0.195 gm.) a day, 
and at 11 months her metabolism was determined and found to be 
normal for the age. This, with her clinical improvement, was taken to 
indicate that she was receiving the optimum dose. 

The effect of overdosage of thyroid has been reported in an earlier 
publication,® in a case of myxedema in which excessive amounts of 
thyroid were given, resulting in a very high metabolism (-++ 70 per 
cent.) and untoward symptoms. This could have been obviated if more 
attention had been paid to the advice given on the basis of the 
metabolism reports. 

Du Bois was able to bring the metabolism of an adult cretin, in a 
few days, up to normal. In an infant, however, the growing organism 
is more delicate, and it is better to work up to the normal more slowly. 
In cases with questionable deficiency of thyroid secretion, basal met- 
abolic studies are also a great help. When the metabolism is normal 
in these cases, thyroid treatment is distinctly contraindicated. Many 
such cases have come under observation. 
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Case 7 of this series is an example of variations in the metabolism, 
due to the intermittent administration of thyroid. If it had been 
possible to make occasional determinations of the basal metabolism in 
this case, from birth on, in order to regulate the thyroid treatment, 
much better results might have been obtained. 

The earlier the diagnosis of cretinism is made, the earlier the treat- 
ment may be instituted. Case 4, reported herewith, illustrates the value 
of basal metabolic determinations in making an early diagnosis of 
cretinism. The patient was first seen at 344 months, at which time she 
had a thickened tongue, slightly hoarse voice, and a suggestion of supra- 
clavicular fat pads. The hair was neither coarse nor fine. The signs 
were so indefinite that the opinion of several pediatricians was equally 
divided as to whether or not she was a cretin. Since there was con- 
siderable clinical doubt, and, although her basal metabolism determined 





Chart 4.—Basal metabolism in Case 4, showing the effect of the admin- 
istration o@thyroid on the heat production: total calories with reference to age. 


at 414 months, indicated hypothyroidism, no treatment was given; but 
studies of her metabolism were made at intervals up to 10 months of 
age. This case was allowed to progress without treatment for several 
months in order to prove to our own satisfaction that a diagnosis of 
cretinism could be made as early as 3 months of age. The signs were 
so indefinite in the early months that a clinical diagnosis at this time 
might have been questioned; but at 10 months, when treatment was 
instituted, there was no question about the clinical diagnosis. This 
indicates that a very early diagnosis of cretinism may be made by means 
of the respiratory chamber. Thyroid therapy was then begun, and the 
effect upon the metabolism is shown in Chart 4. 

When she received *4 grain (0.038 gm.) of thyroid a day, her 
metabolism reached that expected for her age. Rapid progress, both 
mental and physical, was noted. This case indicates that a definite 
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diagnosis of hypothyroidism may be made very early, with the aid of the 
respiratory chamber, in cases in which a definite clinical diagnosis is 
not possible. Early institution of treatment is thus made possible, and, 
as a consequence, better results may be obtained in the future. Records 
of the end-results of treatment instituted in the second or third months 
are not available, and it remains for the future to show whether such 
treatment will result in both normal bodies and normal minds. 

With the increasing interest in studies of the basal metabolism as an 
aid in the diagnosis and treatment of cases of deficient glandular secre- 
tion, too much emphasis cannot be laid on the correct interpretation 
of results. The greatest difficulties are encountered in childhood 
because of the change of standards due to growth. This note of warn- 
ing is sounded against the drawing of too hasty conclusions without 
due deliberation and sufficiently accurate evidence. 


CONCLUSIONS 
1. The metabolism of a cretin is low compared to that of a normal 


child. 

2. It is possible to differentiate, by means of basal metabolic 
determinations, between questionable hypothyroidism, cretinism and 
normality. 

3. The dosage may be regulated by the laboratory findings and 
kept at the most efficient dose. 

4. Present evidence indicates that the total metabolism should be 
raised to the expected metabolism of normal children of the same age. 

5. Basal metabolic studies make a diagnosis of cretinism possible 
as early as 3 months of age. Better results should be obtained if treat- 
ment is started in the early months and persisted in. 


REPORT OF CASES 


Case 1—R. T., girl, aged 22 months, the ninth child, whose birth was nor- 
mal and who had always been considered slow in development, both mentally 
and physically, came under observation in March, 1922. She had not walked, 
talked or played. She knew her name and recognized her mother’s voice. The 
mother thought that the child was shorter than she should be. The baby kept 
its mouth open and curled its tongue out and downward. The tongue had 
always been large. The child did not perspire, and its skin had always been 
scaly. The child had always been constipated. 

The child was fairly well developed and nourished. The fontanel was still 
patent and measured 4 by 3 cm. The bridge of the nose was flat. The mouth 
was open, and the tongue was thick and protruded most of the time. There 
were noticeable fat pads above the clavicles. The arms and legs were short; 
the hands, fat and square. The abdomen was protuberant, and there was a 
marked umbilical hernia. The skin was dry; the feet were cold, and the hair 
was slightly coarse. Otherwise, the physical examination was negative. The 
child presented the characteristic picture of cretinism. 

During the following six months, the child was given 1 grain (0.06 gm.) 
of thyroid, daily. She commenced to walk and talk, and the mental condition 
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began to improve. Basal metabolism determination revealed that not enough 
thyroid had been given. Consequently, the dose was increased to 1% grains 
(0.09 gm.) a day, after which there was marked improvement. 

Case 2.—McA., girl, aged 22 months, was normal at birth and had exhibited 
no abnormal characteristics until between the eighth and twelfth months, when 
the parents became worried because the child did not sit up or hold anything 
in its hands. 

The hair was sparse and coarse, and the skin was yellowish and dry. The 
bridge of the nose was flat; the voice was hoarse, and the tongue was large 
and protuberant. The child had no teeth. There were marked supraclavicular 
fat pads. The abdomen was large, and there was a noticeable umbilical hernia. 
The arms and legs were short. The child presented the characteristic picture 
of cretinism. 

Thyroid was given, and the doses were increased up to 1% grains (0.09 gm.) 
a day. Attempts to obtain the basal metabolism after treatment were impos- 
sible because the child was so active. 

Case 3.—A. DeL., girl, who was normal at birth, at 2 months became con- 
stipated. This increased to such an extent that she had a bowel movement 
only once in three days. The feet were always cold, and the mother thought 
that the chiid’s cry was different from that of other babies. 

Physical examination revealed poor capillary circulation. The skin was 
dry, rough and yellowish. The nose was rather flat; the nostrils broad, and 
the tongue large. The hair was abundant and quite coarse. The eyelids were 
heavy, and the mouth was held open. There was a moderate sized umbilical 
hernia. 

A diagnosis of cretinism was made, based both on the clinica! findings and 
on the low basal metabolism determination. Unfortunately, this child died a 
short time later of bronchopneumonia, before it was possible to bring the 
metabolism up to normal. 

Case 4.—E. S., girl, was first seen at the age of 3% months. She had 
been breast fed since birth. At birth she weighed 6% pounds (2.9 kg.); at 
3% months she weighed 7 pounds and 6 ounces (3.3 kg.). She had always 
been constipated. The history was negative except that she had not gained 
in weight. 

Physical examination revealed a small, poorly nourished infant. The skin 
was mottled and red. The fontanel was open and level, and measured 2 by 
2 cm. There were large rolls of fat under the chin, and pads of fat above the 
clavicles. The hair was fine and silklike. The facial expression was sug- 
gestive of cretinism. Of five members of the visiting staff of the hospital who 
saw her at this time, three believed that she was a cretin and two thought 
she was not. The voice was a little hoarser than it should have been. This 
seemed to be the evidence in favor of cretinism and the factor on which most 
stress was laid. The basal metabolism was low. She was kept under con- 
tinuous observation. Two and one-half months later, the tongue was growing 
larger, and she had not gained in weight. She was very much constipated 
and continued to keep her mouth open. Examination at 10 months of age 
revealed an extremely thick tongue, which was so large that it was impossible 
to look down her throat. The cheeks were thick and pudgy; the nose was 
flat, and the voice was hoarse. The trunk was relatively large and the 
extremities short. It was possible to make, at this time, a definite diagnosis 
of cretinism. 

Thyroid therapy was then instituted, and there was a marked improvement 
in the general condition. The dose of thyroid was eventually increased to 
% grain (0.048 gm.) a day. When last seen, she looked very much better; 
but the musculature was still somewhat flabby. The tongue was still large. 
but smaller than it was at the time of the previous examination. She is still 
under observation. 
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Case 5.—E. W., girl, aged 7 months, was seen because she had a large, 
thick tongue and was not gaining rapidly in intelligence. 

Physical examination revealed a well developed and well nourished child. 
The tongue protruded most of the time. The hair and voice were normal. 
She perspired when she cried. There were moderate sized fat pads above the 
clavicles, but no other evidence of cretinism. A diagnosis of cretinism was 
first made in this case when the patient was 3 months old. She had been 
given thyroid from that time on, at first in small amounts, % grain (0.04 gm.), 
a day. The amount of thyroid was then increased slowly up to 3 grains 
(0.19 gm.) a day. The question then arose as to whether or not she had 
received enough thyroid. The basal metabolism was within normal limits. The 
last report from the parents was to the effect that the child was improving. 

Case 6.—J. P., girl, aged 5 years, came under observation with a diagnosis 
of cretinism. There was no history of constipation. The appetite had been 
very irregular. At 5 years she talked like a 2 year old child, and was very 
quiet and “lazy.” 

Physical examination revealed a pale, apathetic, obese child, with a stocky, 
heavy trunk, short feet and hands. The face and limbs looked edematous. 
The subcutaneous fat was firm and indurated. There were large, pudgy fat 
pads in the supraclavicular fossae. The child had a double chin. The hands 
were square. The skin was extremely dry and wrinkled in various parts and 
appeared yellowish. The hair was dry and coarse. The scalp was dry and 
scaly. The teeth were carious. The tongue was much enlarged. The bridge 
of the nose was depressed. She presented a characteristic picture of cretinism. 

The administration of thyroid extract was commenced, followed by con- 
siderable improvement. It was difficult to increase the thyroid above %4 grain 
(0.016 gm.) a day without upsetting her. The basal metabolism determination, 
however, revealed that she was not receiving enough thyroid to give the most 
efficient results. Attempts are now being made to increase the dose. 

Case 7.—W. G., boy, was first seen at the age of 1 year because he was 
“stupid” and would sit for days without laughing or crying. 

Physical examination revealed a square head, very hoarse voice, coarse, 
sparse hair and fat extremities, which were short in relation to the trunk. The 
skin was dry and rough, and there were very marked supraclavicular fat pads. 
The tongue was large and thick. The abdomen was.normal but fat, and there 
was a large umbilical hernia. Thyroid therapy was commenced and given in 
varying amounts. The mother would give thyroid for a certain time and then 
would stop giving it when the supply was exhausted. When the child would 
seem stupid, she would return to the hospital and obtain more thyroid. 

The metabolism, at the age of 10 years, was obtained by Dr. J. H. Means 
in the portable apparatus. Because of the varying amounts of thyroid which 
were given, the metabolism varied from considerably below normal to normal, 
at different periods in which the child was under observation. This case 
shows that thyroid therapy must be continuously administered in order that 
results may be obtained. 

Case 8.—M. S., girl, came under observation at the age of 26 months because 
she was backward and had not developed normally. When first seen, she 
presented a characteristic picture of cretinism, with a flat nose, dry skin, 
with a yellowish tinge, coarse dry hair, large tongue, supraclavicular fat pads, 
disproportion of the body, umbilical hernia and hoarse voice. The basal metab- 
olism was determined before thyroid was given. 


Case 9 was reported ° previously. 

Case 10.—M. M., girl, had an uneventful history during infancy. The first 
tooth was cut at 10 months, and the child walked at 20 months. Nothing out 
of the way was observed until she was 2 years old, when the mother thought 
that the baby was not developing as fast as she should. When seen she 
presented the characteristic appearance of a cretin. The hair was sparse and 
coarse; there was seborrhea of the scalp; the nose was flat and broad; the 
tongue was large; the voice, hoarse, and the complexion pale and yellowish. 
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The skin was dry and coarse over the entire body. The extremities were 
relatively short compared with the trunk. The hands were square and spadelike. 
There were marked supraclavicular fat pads and a large umbilical hernia. The 
abdomen was large. There was much myxedematous tissue, with relatively 
little musculature. After thyroid therapy was begun, the child lost 1 kilogram 
in a month. The greater part of this loss in weight was in the trunk and 
abdomen, and the fat pads had in part disappeared. After three weeks dur- 
ing which she was given 1 grain (0.06 gm.) of thyroid a day, some supra- 
clavicular fat pads remained; the tongue was somewhat smaller; the voice 
was not particularly hoarse, and the hair was falling out. There was obviously 
an increase in intelligence. The eyes were dry, and she took more interest 
in her surroundings. A healthy pink color appeared, and the yellowish tint 
of the skin had disappeared. 














THE BACTERIOLOGY OF THE URINE IN ACUTE 
NEPHRITIS IN CHILDREN * 


LEWIS WEBB HILL, M.D., EMILY F. HUNT, A.M. 
AND 
ELSIE W. BROWN, A.B. 
BOSTON 


Most cases of acute nephritis in children follow, or occur coinci- 
dentally with, some acute infection elsewhere in the body, tonsillitis 
being, in our experience, the most frequent one encountered. The 
question naturally arises whether the kidney condition is produced 
by bacteria which have gained access to the blood from the throat 
or from some other locus of infection, and thence invade the kidney, 
or whether a soluble toxin excreted through the kidney is responsible 
for the trouble. 

As far as we know, no systematic study of the question has been 
made, as regards children, although a number of observations are on 
record for adults. Inasmuch as the type of case studied in adults by 
other observers has been, for the most part, widely different from 
acute nephritis as we see it in children, no conclusions can be drawn 
by comparing our results with theirs. Therefore, a review of these 
observations would be of no particular value here. Some observers 
have isolated bacteria from the urine of adults with acute, sub- 
acute or chronic nephritis, while others have failed to do so. All 
sorts of bacteria have been isolated, from streptococci of various sorts 
to diphtheroids and “small gram-negative anaerobic bacilli.” There 
has been no uniformity in results, which is not to be wondered at 
when one considers the widely different types of cases that have 
been studied. Some observers have included in their series cases of 
ulcerative endocarditis with embolic foci in the kidneys, as well as 
cases of subacute or chronic nephritis in which no infectious agent 
is apparent. 

The common form of acute nephritis as it occurs in children offers 
an especially good field for study, as almost all the cases seen are 
very much the same, and, in our series, no cases have been included 
in which there was any indication of septicemia, cardiac infection or 
purpura. The cases studied were all of the ordinary type, coming 
on in some instances without apparent cause, but usually secondary to 
tonsillitis or other infections in the nose, throat, ears or cervical glands. 


* Received for publication, Dec. 12, 1922. 
*From the Medical Service, Children’s Hospital, and the Department of 
Bacteriology, Harvard Medical School. 
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Twenty-one cases were studied. In every instance, the disease 
was in the acute stage, that is, the urine showed large amounts 
of blood, in almost all cases macroscopically. Cultures of the urine 
were obtained from three days to a month after the onset of the 
disease; in about 50 per cent. of the cases, within a week after the 
onset. It would have been much better, of course, to obtain the urine 
the day of onset; but this was obviously impossible, as all the cases 
were hospital patients who had not entered until they had been sick 
for several days. In addition to the urine cultures, the leukocyte count 
and the temperature were studied in connection with the question of 
infection.* 


TECHNIC OF URINE CULTURES 

The penis or the vulva was carefully washed with soap and water, 
followed by boric acid solution, and the urine obtained by catheteriza- 
tion with a sterile catheter. In only two cases was there any question 
of contamination. 

Cultures from the urine specimens were started immediately after 
the specimens had reached the laboratory. Throughout all attendant 
manipulations, aseptic precautions were taken. 

The urine was transferred to sterile centrifuge tubes and centri- 
fugalized for twenty minutes at a fairly high speed. Direct smears 
were made and stained by the Gram and Ziehl-Neelson methods. The 
supernatant fluid was then withdrawn, and the sediment planted on 
plain agar slants, blood serum slants, Endo’s agar plates and blood 
agar plates.” 

Reports were made after the cultures had been incubated for forty- 
eight hours; but the apparently sterile cultures were kept for at least 
four days to give slow-growing organisms a chance to develop. No 
organisms of this type were found, however. 

This technic, we believe, is sufficient to permit the growth of all 
ordinary organisms. The results are recorded in the accompanying 
table. 

COMMENT 

In sixteen cases, the urine was sterile. In two cases, Staphylococcus 
albus was found (probably a contamination), a diphtheroid bacillus in 
one (unaccounted for), and colon bacilli in two. The cases which 
showed colon bacilli had high leukocyte counts (17,800 and 29,000), 


1. These examinations were made by the house officers as a part of the 
routine entrance examination. 

2. The culture mediums used were: Endo’s agar; Loeffler’s blood serum; 
nutrient veal infusion broth (plus 0.5 to phenolphthalein) ; blood agar: nutrient 
beef infusion agar (plus 5 per cent. horse blood); agar, titrated (plus 0.5 to 
phenolphthalein). 
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with a good deal of pus in the urine, as well as blood and casts, due 
probably to a complicating pyelitis. 

Only two patients showed fever during the course of the disease, 
although it is possible and probable that in many cases fever was 
present at the onset, before the child entered the hospital. One of 
these patients had cervical adenitis, which accounted for the fever. One 
had a complicating pyelitis. The leukocyte count was elevated (over 
12,000) in six cases. In three of these, this was accounted for by 
the presence of acute cervical adenitis. In two others, it was accounted 
for by a complicating pyelitis. In one case a leukocyte count of 19,800 
was unaccounted for. 


RESULTS OBTAINED IN TWENTY-ONE CASES 





Case Patient | Duration Apparent Leuko- Urine Comment 
Etiology cytes Cultures 
1 H.C 7 days . Cervieal 14,400 Staphylococcus | Swollen glands in neck 
adenitis albus | probably the cause of 
| (2 cultures) | high leukocyte count 
2 D.N. 14 days Tonsillitis 9,400 Sterile 
3 P. G. 10 days Tonsillitis 9,400 Sterile | 
4 , oe SF | 14 days Tonsillitis 11,600 Sterile | 
5 L. B. 4 days Cervical 15,500 Sterile | Temperature 104 F. at 
adenitis | entrance, caused by 
} | swollen glands in neck; 
| probably accounting 
| | for high leukocyte 
| eount 
6 S.W. | 6 days Impetigo 10,900 Sterile 
7 A. G. | 7 days , 7 18,000 Staphylococcus | No fever 
albus 
G. W. 7 days Impetigo 12,600 Sterile | Urine unusually bloody 
9 | A. MeG. 1 month Tonsillitis 8,400 | Sterile | Very severe case, with 
much edema; patient 
| died 
0 | C.K. 12 days Tonsillitis 12,800 Sterile 
11 R. W. 7 days Pneumonia 14,600 Sterile 
12 A. DeA. 1 month Tonsillitis 19,200 Sterile 
3 E. 8S. 8 days a 12,400 Sterile 
14 a. ©. 6 weeks ; 2 10,000 Sterile 
15 dD. C. 14 days -. 6,400 Diphtheroid 
16 Ss. J. 14 days Tonsillitis 17,800 Colon bacillus _A good deal of pus in 
urine; probably had a 
complicating pyelitis 
17 F. W. 7 days ? 4,700 Sterile 
18 P. Q. 7 days , 10.300 Sterile | 
19 C. F. 4 days 4% 18,400 to Colon bacillus | High fever continually, 
29,000 | and general symptoms 
| of infection; urine very 
bloody, containing also 
considerable pus; prob- 
| ably a colon infection 
| Of the kidney 
» L. H. 6 days Tonsillitis 25,000 to Sterile | High leukocyte count 
14,000 } accounted for by coin- 
| cident cervical adenitis; 
| fever at entrance 
3 days | ‘Tonsillitis 5,800 Sterile 


2 | M.D. | 





These results indicate that in most cases of acute nephritis in chil- 
dren, after the disease has once been established, there are no bacteria 
demonstrable in the urine, and there are probably none in the kidney. 
There is no fever, no elevation of the leukocyte count, in short, there 
is probably no bacterial infection of the kidney present during the course 
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of the disease. However, these results do not rule out the possibility of 
bacterial infection of the kidney at the very onset of the disease, and, 
indeed, this is a very strong possibility, which is suggested by the 
work of Pappenheimer, Hyman, and Zeman,* who injected bacteria 
directly into the renal artery of rabbits. They found that the bacteria 
were taken up by polymorphonuclear and endothelial cells in the 
glomeruli within a few minutes, and that, within four hours, they 
had nearly all undergone complete intracellular digestion. They believe 
that the toxins liberated by the rapid lysis of the bacteria within the 
glomerulus are the cause of the injury which is produced. This 
hypothesis is also borne out by clinical observation on children with 
acute nephritis at the very onset of the disease, for, in the few cases 
which we have seen in private practice in this early stage, there has 
always been a sharp and sudden rise in temperature coincident with the 
appearance of bloody urine, which usually subsides in about forty- 
eight hours. 

The other possibility is that not bacteria, but soluble toxins absorbed 
from the infected focus (tonsils, cervical glands, etc.) produce the 
injury to the glomeruli. 

CONCLUSIONS 

1. In the ordinary type of acute nephritis in children, there is 
probably no continued growth of bacteria within the kidney during the 
course of the disease. 

2. It is possible that bacteria may be the cause of the condition, 
however, and that they produce the characteristic injury to the 
glomeruli during the very early stages, and then soon die out. 

3. It is also possible that soluble toxins, and not bacteria, may be 
the cause of the disease. 


3. Pappenheimer, Hyman and Zeman: Proc. New York Path. Soc. 16:73, 
1916. 











INTRAPERITONEAL TRANSFUSION WITH 
CITRATED BLOOD * 


A CLINICAL STUDY 


DAVID M. SIPERSTEIN, M.A., M.D. 
Senior Resident in Pediatrics, Minneapolis General Hospital 


MINNEAPOLIS 


In a previous paper‘ an attempt was made to show, by means of 
experimental data that the intraperitoneal transfusion of freshly 
citrated blood is a method of distinct value. It was found that it was 
a safe procedure, simple in its application and clinically effective. It 
was proposed as a therapeutic procedure of merit in selected cases. 
It is the purpose of the present paper to report in some detail five 
cases in which the intraperitoneal route for blood transfusion was 
utilized. 

REVIEW OF LITERATURE 

The intraperitoneal injection of defibrinated blood was first used 
clinically by Ponfick* in 1875. Isolated cases have been reported by 
Golgi and Raggi,® Magniagalli,* Scottini,> Giovanni,® von Kaczorowski,‘ 
Liegl * and Burresi.° 

Careful observations and laboratory data were not given in any 
of the cases cited. In all instances, defibrinated blood was used. 
The results obtained were extremely variable and, for the most part, 


unsatisfactory. 


* Received for publication, Nov. 15, 1922. 

* From the Departments of Pharmacology and of Pediatrics, University of 
Minnesota. 

1. Siperstein, D. M., and Sansby, J. M.: Intraperitoneal Transfusion with 
Citrated Blood, An Experimental Study, Am. J. Dis. Child. 25:107 (Feb.) 1923. 

2. Ponfick: Experimentelle Beitrage zur Lehre von der Transfusion, 
Virchows Arch. f. path. Anat. 62:273-275 (Jan. 20) 1875. 

3. Golgi and Raggi: Trasfusione di sangue nel peritonéo in un alienato 
oligocitemico, Gazz. med. ital. 7:61 (Feb.) 1880. 

4. Magniagalli: Peritoneale Bluttransfusion, Zentralbl. f. Gynak. 19:463 
(Sept. 11) 1880. 

5. Scottini, Pietro: Trasfusione di sangue nel peritonéo in una donna 
malata di grave anemia per anchilostomia, abstr. Jahresb. d. med. Wiss. 16: 
1,304, 1881. 

6. Giovanni, A. de: Un caso di gravissima anemia felicemente mediante 
la transfusione di sangue intraperitoneale, abstr. Jahresb. d. ges. Med. 16: 
240, 1881. ; 

7. Von Kaczorowski, Fiinf Falle von Bluttransfusion in die Peritoneal- 
hdhle, Deutsch. med. Wchnschr. 6:610, 1880. 

8. Liegl: Ueber peritoneale Transfusion, Aerztl. Intelligenzbl., Miinchen, 
No. 4, Jan. 22, 1884. 

9. Burresi, P.: Trasfusione sanguigna peritoneale in uno caso di anemia 
perniciosa, abstr. Jahresb. d. ges. Med. 18:256, 1883. 
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In an exhaustive search through the available literature, I have 
been unable to find any reports on the clinical use of the intraperitoneal 
route for transfusions since 1884. So far as I know, citrated blood 
has never been given intra-abdominally. 


MATERIAL AND METHODS 


The clinical diagnoses in the cases herewith reported were: Case 1, 
secondary anemia; Case 2, congenital syphilis; Case 3, dehydration, 
decomposition; Case 4, hemolytic anemia, hemoglobinuria (obscure 
origin) ; Case 5, secondary anemia. 

Patients are not allowed to have any breakfast on the day of the 
transfusion. No other preliminary precautions are taken. A freshly 
prepared 2 per cent. solution of sodium citrate is used in the proportion 
of 10 c.c. of solution to every hundred c.c. of donor’s blood. Both 
recipient and donor are grouped before each transfusion. It is need- 
less to mention that strict aseptic precautions are taken. The donor’s 
blood is strained through gauze, and then immediately injected into 
the peritoneal cavity of the recipient. 

Details regarding amounts transfused and results obtained are given 
in the protocols and in the charts. 

Hemoglobin estimations, red blood cell counts, and smears were 
taken in several cases at hourly intervals following each transfusion. 
Hemoglobin determinations were made with the Fleischl-Miescher 
hemoglobinometer. 

On the day of transfusion all urine and feces specimens were 
examined for occult blood. Thereafter, daily specimens were tested 
for positive reactions. The benzidin and guaiac tests were used. 

The work here reported was done under the most favorable condi- 
tions possible at the Minneapolis General Hospital, with the assistance 
and complete cooperation of the nurses and the laboratory staff. 


REPORT OF CASES 


Case 1.—Secondary anemia. History.—A boy, aged 2 years, American, was 
brought to the service of Dr. E. J. Huenekens, at the Minneapolis General Hos- 
pital, Aug. 22, 1922. Poor appetite, weakness and pallor had been noted since 
birth. The family history was negative. The mother had deserted the child 
one week before admission. Birth was normal and occurred at term. The child 
was breast fed for two weeks; then he was fed on a cow’s milk mixture (not 
under a physician’s care). He apparently developed normally and walked at 
15 months. He had pertussis and measles at 12 months with no sequels. He 
had always been a weak and frail child. The history by systems was entirels 
negative. The weight on entrance was 22 pounds (10 kg.). 

Physical Examination.—The temperature was 100.4 F.; pulse, 110. The 
patient was in bed and looked very anemic. His development was good; but 
nutrition was poor. He was depressed. There was no edema, cyanosis or 
jaundice. The head was square; the fontanels were closed; the frontal bosses 
were prominent. Examination of the eyes, ears, nose and throat and of the 
heart and lungs was negative. The anterior cervical and submaxillary nodes 
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were palpable. The patient was “pot-bellied.”. The spleen was palpable, 2 cm. 
below the costal margin, in the midclavicular line. The liver was palpable, 3 cm. 
below the costal margin. Both upper and lower extremities were negative, except 
for marked anemia of the upper. 

Laboratory Findings on Admission—The urine was amber and was acid in 
reaction, and the specific gravity could not be determined. There was no 
albumin, but three pus cells were observed in each high power field. Blood 
examination revealed: hemoglobin, 38 per cent. (von Fleischl-Miescher) ; red 
blood cells, 3,680,000; white blood cells, 10,000. Differential count revealed: 
polymorphonuclears, 42 per cent.; lymphocytes, 45 per cent.; transitionals, 3 per 


TABLE 1.—Comparative Data ReGarpING HEemoGcLoBiIN AND Rep BLoop CELL 


























Time Blood Examination 
Date After ——— — ——__-______ Comment 
Trans- Hemoglobin, Erythro- 
fusion per Cent. cytes 
8/22 a.m. 38.0 3,680,000 Smears show severe secondary anemia 
8/25 a.m. 39.0 4,300,000 
9/1 a.m. 38.0 4,000,000 Transfused c.ec. of citrated blood in- 
traperitoneally 
9/ 2 a.m. 45.0 4,320,000 
9/ 3 a.m. 47.0 4,500,000 
9/ 5 a.m. 45.0 4,600,000 
9/ 8 a.m. 45.0 4,500,000 Transfused 100 c.c. of citrated blood in- 
traperitoneally 
1 hr. 5,300,000 
2 hrs. 6,000,000 
3 hrs. 5,800,000 
4 hrs. 5.820,000 
5 hrs. 4,730,000 Occult blood in urine 
9/ 9 a.m. 5,900,000 
9/10 a.m. 5,740,000 
9/11 a.m. 5,200,000 
9/12 a.m. 57.0 5,000,000 
nn Mere 59.5 5,170,000 Transfused 100 c.c. of citrated blood (50 
c.c. intravenously, 50 cc. intraperi- 
toneally) 
61.0 6,130,000 Immediately following transfusion 
1 hr. 63,0 6,060,000 
2 hrs. 63:0 5,620,000 
3 hrs. 63.0 5,620,000 
4 brs. 68.0 5,040,000 
5 hrs. 63.0 5,020,000 Occult blood in urine 
9/14 a.m. 63.0 5,360,000 
9/15 a.m. 66.5 5,860.000 
9/16 a.m. 63.0 5,630,000 
9/17 a.m. 73.5 6.300,000 Immediately following a bath 
9/18 a.m. 68.6 5,780,000 
9/19 a.m. 65.2 5,380,000 
9/23 a.m. 66.5 5,400,000 
9/26 a.m. 70.0 5,680,000 
10/ 2 a.m. 68.6 5,960,000 
10/10 a.m. 70.0 5,730,000 
10/18 a.m. 71.0 5,900,000 








cent.; eosinophils, 9 per cent.; basophils, 1 per cent. Morphologic examination: 
There was marked anisocytosis; poikylocytosis and polychromatophilia. The 
red blood cells contained a very small amount of hemoglobin. The blood was 
found to be in Group IV repeatedly. The blood Wassermann reaction was 
negative repeatedly. The Pirquet and Manteau reactions were negative. 

Subsequent Findings—Aug. 25, 1922, a definite pallor was evident, the result 
of a marked secondary anemia. Blood examination revealed: hemoglobin, 39 
per cent.; erythrocytes, 4,300,000; leukocytes, 8,200; many irritation types of 
transitional and mononuclear blood cells. Platelets were numerous. There 
were good bone marrow reactions. The feces were negative when examined 
for ova or parasites. 
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Fig. 2 (Case 1).—Blood picture before transfusion, Sept. 1, 1922, showing 
evidence of secondary anemia, with marked loss of hemoglobin in the cells. 
The drawings reproduced here were made with the aid of the camera lucida. 
The unit of magnification is about 1,500 diameters for all the illustrations. 
The photomicrographs were made with a Zeiss photomicrograph outfit, the 
unit of magnification being 570 diameters. In making the photomicrographs, 
we adhered to a uniform technic. They were taken by Mr. H. W. Morris. 
The drawings were made by Miss Jean E. Hirsch and Dr. George H. Childs. 
The charts were prepared by Mrs. R. E. Scammon. 














Fig. 3 (Case 1)—Higher power magnification of specimen shown in Figure 2 
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September 1, the patient was given 50 c.c. of citrated blood intraperitoneally. 
Some rise of temperature and pulse reaction followed (Fig. 1). The child 
lay very quiet and was listless. There were no symptoms of distress. 

September 4, the blood picture showed a slight improvement. The appetite 
was returning. The patient sat up occasionally. 

September 10, 100 c.c. of citrated blood was injected intraperitoneally. The 
febrile and pulse reactions were more moderate than after the first transfusion. 
There was no evidence of abdominal distress. 

September 13, the patient was taken to the surgical ward. The vein in the 
bend of the elbow was exposed, and 50 c.c. of citrated blood was injected. 
Difficulties then encountered made it necessary to give the remaining 50 c.c. 
intraperitoneally. There was a moderate reaction. 

September 17, the boy was doing well, and appeared to be happier and 
brighter since the condition of the blood had improved; in fact, he could not 
have done better clinically, so far as the blood condition was concerned, if 
blood had been given intravenously (Dr. H. S. Lippman). 

October 31, the boy returned to the dispensary. He was a normal, contented 
child. Physical examination was entirely negative. The blood picture showed: 
hemoglobin, 70 per cent.; red blood cells, 5,900,000. 


Comment.—It can be seen that the procedure is apparently harm- 
less. The transfusions were accompanied by a temporary rise in 
temperature and pulse rate during the absorptive period. The reactions 
became less severe with each subsequent transfusion. There was no 
evidence of abdominal distress at any time. 

In Figure 1, there is a definite rise in the hemoglobin percentage 
and in the red blood cell counts immediately following each transfusion, 
with a subsequent rapid fall during the fifth hour. Occult blood was 
found in the urine coincident with the fall in the blood picture. There 
is always a more permanent increase in blood values the following day. 

A study of our blood smears reveals a gradually increasing number 
of deeply staining, morphologically normal, red blood cells following 
each transfusion. They are in distinct contrast to the pale, irregular 
cells of the patient. No nucleated corpuscles could be demonstrated 
at any time. 


Case 2.—Congenital syphilis. History—A boy, aged 3 months, American, 
was brought to the service of Dr. E. J. Huenekens, in the Minneapolis General 
Hospital, Aug. 28, 1922. He had a discharge from the nose and ears, and 
snuffles. His mother had syphilis. He was a full-term baby, born in a normal 
delivery, and was the first child. He had been breast fed since birth, but had 
never been well. He started to snuffle at 2 months, and vomited after nursing. 
The weight on entrance was 3,650 gm. 


Physical Examination.—The patient was poorly nourished, dehydrated and 
looked very ill. His temperature was 99 F. The anterior fontanel was wide 
open, but was not bulging. The sagittal suture and the posterior fontanel were 
also open. The head circumference was 37 cm. The eyes were negative. 
There was a purulent discharge from the right ear, and a bloody, purulent 
discharge from the nose. There was no adenopathy. The heart and lungs 
were negative. There was an umbilical hernia; the liver was palpable 1 cm. 
below the costal margin; the spleen was palpable 3 cm. below the costal margin. 
There was also a bilateral hydrocele. The palms and soles were shiny, with 
slight exfoliation. 
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Fig. 4 (Case 1).—Blood picture following transfusions, Sept. 15, 1922, show- 
ing numerous deeply stained red blood cells, with uniform morphologic structure. 

















Fig. 5 (Case 1).—Higher power magnification of specimen shown in Figure 4. 
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Fig. 6 (Case 1).—Blood picture after one month (Oct. 18, 1922). The 
recipient’s cells may be compared with the donor’s (?). Compare with Figures 
2, 3, 4 and 5. 




















Fig. 7 (Case 1).—Higher power magnification of specimen shown in Figure 6. 
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Laboratory Findings on Admission—The urine was amber, and was neutral 
in reaction; and the specific gravity could not be determined. It contained a 
faint trace of albumin, and 2 pus cells in each high power field. Examination 
of the blood revealed: hemoglobin, 56 per cent. (von Fleischl-Miescher) ; red 
blood cells, 3,260,000; white blood cells, 10,900. Differential count revealed: 
polymorphonuclears, 35 per cent.; lymphocytes, 62 per cent.; transitionals, 2 
per cent.; eosinophils, 1 per cent. The blood Wassermann reaction was posi- 
tive with alcohol and cholesterin. The boy’s blood belonged to Group II, the 
mother’s blood belonged to Group IV. The Pirquet reaction was negative. 

Subsequent Findings—September 8: Antisyphilitic treatment produced no 
change in the boy’s general condition. 

September 15, he was given 50 c.c. of citrated blood intraperitoneally. No 
temperature or pulse reaction followed. 


TABLE 2.—ComparatTive DATA SHOWING BLoop VALUES AND ASHBY COUNTS OF 
UNAGGLUTINATED CELLS (Case 2) 


Blood Examination Unagglu- 
Time —— ——--——  —-—- - tinated Comment 
Hemoglobin, Erythro- Cells 
per Cent. cytes 





a.m. 3,260,000 

a.m. 59. 3,800,000 Control; checked repeatedly 

3 p.m 59.5 3,980,000 Transfused Oc.c. of citrated 
blood intraperitoneally 

5 p.m. 56 5,160,000 33,5 Group IV 

a.m. 56 5,280,000 

p.m. ie 4,410,000 

a.m. 6 4,080,000 

a.m. 5,400,000 paesees Sinus transfusion, 150 ¢.c.; 
Group II blood 

a.m. 2 5,560 000 


September 17, no improvement was noticeable. All urine specimens were 
negative for occult blood. 

September 19, the boy was given 150 c.c. of citrated blood by the sinus route. 
There was an immediate rise in the blood picture (Table 2). The urine 
showed the presence of occult blood. 

September 27, the boy had gained 400 gm. in weight in a week. He did 
not regurgitate his food and nursed well. He was discharged and antisyphilitic 
treatment was continued in the outpatient department. 


Comment.—This patient was admitted in a condition of severe 
decomposition. The blood group afforded an opportunity to apply 
Ashby’s method of demonstrating the corpuscles of the donor in the 
general circulation of the recipient. The physical condition of the 


patient (slow respiration, sluggish peristalsis) probably delayed a rapid 
absorption of the injected blood. There was apparently a definite 
increase in the number of unagglutinated (Group IV?) cells. Because 
of conditions already mentioned, we cannot draw any definite conclusions 


from this case. 
The clinical course made a sinus transfusion imperative, with the 


results shown in Table 2. 


Case 3.—Decomposition. History—A girl was born in the Minneapolis 
General Hospital, Sept. 7, 1922, on the service of Dr. E. J. Huenekens. She 
was underweight, and suffered with diarrhea. Her mother was in the hospital 
with eclampsia. Otherwise, her history was negative. There was no history 
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of venereal disease. The child, the sixth in the family, was born prematurely 
by one month, with a normal delivery. The weight at birth was 2,350 gm. 
She had been tube fed with breast milk since birth. When she was trans- 
ferred to the pediatric service on the seventeenth day, the weight was 2,350 
gm. She was placed on breast milk, which was complemented up to 3 ounces 
with casein milk plus 5 per cent. dextrimaltose. 

Physical Examination.—The child was an emaciated, markedly dehydrated 
infant, with fair development, but poor nutrition. The body temperature was 
99 F. The anterior fontanel was open, but not bulging. The eyes, ears, nose 
and throat were negative; likewise the heart and lungs. No marked adenop- 
athy was evident. The abdomen was markedly distended. The spleen was 
palpable. The extremities were negative. 

Laboratory Findings on Admission—The urine was acid, and contained 
no albumin or casts; the specific gravity could not be determined. Clumps of 
leukocytes were present. Blood examination revealed: hemoglobin, 90 per 
cent. (Tallqvist) ; erythrocytes, 4,230,000; leukocytes, 9,200. Differential count 
was: polymorphonuclears, 64 per cent.; lymphocytes, 36 per cent. The blood 
belonged to Group IV. The blood Wassermann reaction and the Pirquet 
reaction were negative. 

Subsequent Findings—September 26, the child was given 280 cc. of 
physiologic sodium chlorid solution intraperitoneally. 

September 29, it was given 380 c.c. of physiologic sodium chlorid solution. 

September 30, the baby regurgitated its feedings. It now weighed 2,200 
gm., and was losing ground rapidly. On becoming moribund, it was injected 
with 100 c.c. of citrated blood intraperitoneally. The temperature rose to 
102.6 F. (rectal), but dropped to normal in twelve hours. 

October 1, some improvement was manifest. The child took its feedings, 
but continued to regurgitate. 

October 3, the baby was cyanotic, and was breathing with difficulty. The 
lungs showed evidence of massive bronchopneumonia. It died one hour after 
examination. 

Necropsy.—The peritoneal cavity contained about 30 c.c. of blood; there 
were no adhesions or clots. The lungs showed widespread pneumonia. All 
other organs were negative. 


Comment.—This patient was moribund when she received the trans- 
fusion. At necropsy, performed three days later, 30 c.c. of thick blood 
was recovered. Apparently, about 70 c.c. of blood was reabsorbed 


from the peritoneal cavity even in this extreme condition. 

It has been shown by many investigators, von Recklinghausen,’® 
Muscatello,1 Wagner,’* Zimmermann ** and others that absorption 
from the peritoneal cavity is materially aided by the active peristaltic 
movements of the intestines and by the sucking action of the diaphragm 
during normal inspiration and expiration. These factors were, of 


course, markedly impaired in this case. 


10. Von Recklinghausen, F. V.: Zur Fettresorption, Virchows Arch. f. 
path. Anat. 26:172-208, 1863. 

11. Muscatello, G.: Ueber den Bau und das Aufsaugungsvermégen des Peri- 
tonaums, Virchows Arch. f. path. Anat. 142:327-360 (Nov.) 1895. 

12. Wagner, Arthur: Zur Behandlung der geplatzten Extra-uterin- 
graviditat mit freier Blutung, Deutsch. med. Wchnschr. 38:1457-1460 (Aug.) 
1912. 

13. Zimmermann, Robert: Ueber die Indikationstellung zur Retransfusion 
in die Bauchhohle ergossenen Blutes, Ztschr. f. Gebiirtsh. u. Gynak. 84:334- 
355 (Nov.) 1921. 
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Fig. 9 (Case 4).—Blood picture before transfusion, Sept. 27, 1922, showing 
evidence of secondary anemia and numerous microcytes. 














Fig. 10 (Case 4).—Higher power magnification of specimen shown in Figure 9. 
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Case 4.—Hemolytic anemia; hemoglobinuria. History—A girl, aged 16 
months, American, was brought to the service of Dr. E. J. Huenekens at the 
Minneapolis General Hospital, Sept. 25, 1922, because of extreme pallor, poor 
appetite and weakness since birth. The history was negative, and there was 
no history of venereal disease. The baby, the first child, was born at full 
term, with a normal delivery. She was breast fed for eleven months; then 
was given whole cow’s milk, and cereals and vegetables were added to the 
diet. She developed normally. The first tooth appeared at 6% months; but 
the baby did not walk at the time of admission. She had had no diseases 
except diarrhea at 12 months, which persisted for several weeks. The history 
by systems was negative. 

Physical Examination——The patient was in bed, and showed marked pallor. 
The development was good, and nutrition, fair. The baby was apathetic and 
irritable. The temperature was 100 F.; pulse, 120. The head was square. 
The anterior fontanel was nearly closed. The eyes, ears, nose and throat 
were negative. There was no marked adenopathy. The lungs were also 
negative. A systolic murmur was audible over the precordium and was trans- 
mitted to the back. The pulmonic second sound was present. Inspection of 
the abdomen suggested “pot-belly.” The liver was palpable. The spleen was 
negative. The extremities were also negative, as was the neuromuscular 
system. The weight on entrance was 16 pounds (7,263 gm.). 

Laboratory Findings on Admission—The urine was acid in reaction. It 
contained a faint trace of albumin and two leukocytes in each high power 
field, but no casts, no urobilin or urobilinogen. The specific gravity was not 
determinable. The benzidin reaction was markedly positive. Examination 
of the stool was negative repeatedly for blood. Blood examination revealed: 
hemoglobin, 31.5 per cent. (von Fleischl-Miescher) ; red blood cells, 3,810,000; 
white blood cells, 16,000; differential count: polymorphonuclears, 49 per cent.; 
lymphocytes, 46 per cent.; transitionals, 3 per cent.; eosinophils, 1 per cent.; 
basophils, 1 per cent. The blood Wassermann reaction was negative 
repeatedly. The bleeding time was seven and one-half minutes; the clotting 
time was twelve minutes. The blood belonged to Group IV. There were 
450,000 platelets for each cubic millimeter. 

Fragility Test: There was beginning hemolysis, 0.46 per cent.; complete 
hemolysis, 0.34 per cent. 

Morphologic Examination: The majority of cells were much smaller than 
normal. There were many poikilocytes; numerous macrocytes, and poly- 
chromatophils. The cells were pale and appeared to be almost without 
hemoglobin in the center. There were no nucleated red blood cells, and there 
was no evidence of blood regeneration. The Wassermann reactions of the 
parents were negative. The roentgen-ray examination of the head and long 
bones was negative. 

Subsequent Findings September 27, an intraperitoneal transfusion of 50 c.c. 
of citrated blood was made. A moderate febrile reaction resulted (Fig. 8). 
There were no subjective symptoms. The patient gave no evidence of distress. 

September 29, an intraperitoneal injection of 150 c.c. of citrated blood was 
made. The following febrile and pulse reaction was less than that following 
the first transfusion (Fig. 8). The patient had a good day. There was no 
evidence of distress, and there were no subjective symptoms. 

October 3, the appetite was improving. The baby was more active, sat up 
in bed and was becoming more playful. The blood picture was improving. 
The bleeding time was less than three minutes; the clotting time was less 
than five minutes. 

October 22, there was marked clinical improvement. The bleeding time was 
three minutes; the clotting time, six and one-half minutes. The benzidin and 
guaiac reactions of the urine were still positive. The cause of the hemo- 
globinuria (?) was obscure. The baby weighed 17.5 pounds (7,988 gm.). 
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Fig. 11 (Case 4).—Blood picture following transfusions, Oct. 10, 1922. The 
patient’s cells may be contrasted with large, uniform, deeply stained erythro- 
cytes (donor’s cells ?). 














Fig. 12 (Case 4).—Higher power magnification of specimen shown in Figure 11. 
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TABLE 3.—Comparative Data REGARDING HEMOGLOBIN AND ERYTHROCYTE 
Counts (Case 4) 


Blood Examinatior Occult 
~ Blood in Bleed-  Clot- 
Date Time Hemo- Urine: ing ting Comment 
globin, Erythro- +, Present; Time, Time, 
per cytes 0, Absent Min. Min. 
Cent 
31.5 3,800,000 + (benzidin) 7 12 
28.0 3,700,000 + (benzidin) 
0 3,760,000 a rae Intraperitoneal trans- 
aD 3,870,000 fusion with 50c.c. of 
3.670.000 citrated blood at 10 
4,340,000 < i a.m. 
4,000,000 
4,400,000 
3.200 OCO 
3,990,000 
4,100,000 
3,400,000 
4,170,000 os : Intraperitoneal trans- 
3,890,000 fusion with 50 c.c. of 
3,980,000 citrated blood at 10 
3,800,000 a.m. 
3,960,000 
4,590,000 
4,000,000 
3,900,000 0 (benzidin) 
4,720,000 0 (benzidin) 
4,630,000 0 (benzidin) 
4,920,000 . 
4,980,000 0 (benzidin) 
5,440,000 + (benzidin) ot : Intraperitoneal trans- 
5,740,000 fusion with 150 c.c. 
5,440,000 of citrated blood at 
5,800,000 10 a.m. 
6,000,000 
5,230,000 
5,400,000 - (benzidin) 
6,260,000 
6,450,000 + (benzidin) 
5,720,000 + (benzidin) 
5,720,000 
6,370,000 + (benzidin) 
6,380,000 + (benzidin) 
5,900,000 
5,910,000 + (benzidin) 
5,970,000 
5.840,000 + (benzidin), 
0 (guaiac) 
5,310,000 + (benzidin), 
0 (guaiac) 
5,200,000 0 (benzidin 
and guaiac) 
10/18 a.m. 5,090,000 + (benzidin), 
Tr. guaiac 


Pe 


wert 
DeSeHaS 


10/19 . 5,110,000 

10/20 a.m. ws eee cues + (benzidin 
and guaiac) 

10/22 a.m. 7 5,490,000 0 (benzidin 
and guaiac) 

10/25 _m. 7 5,700,000 0 (benzidin 
and guaiac) 

10/27 a.m. 3. 6,400,000 0 (benzidin 
and guaiac) 

11/2 m. 3. 5,980,000 0 (benzidin 
and guaiac) 
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Fig. 13 (Case 4).—Blood picture after discharge from the hospital, Oct. 25, 
1922. Compare with Figures 9, 10, 11 and 12. 











Fig. 14 (Case 4).—Higher power magnification of specimen shown in Figure 13. 
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October 28, there had been no evidence of occult blood in the urine during 
the preceding week. The clinical condition of the patient was good. He stood 
up with slight assistance. He was discharged to the outpatient department. 

Comment.—This case is somewhat complicated because of the 
apparent destruction of erythrocytes within the patient’s body. The 
etiology of the positive benzidin and guaiac reactions in the urine has, 
up to the present time, not been determined. All urine specimens 
were amber and clear. There was never any evidence of hematuria, 
only that of a hemoglobinuria. 

Is this a case of hemolytic anemia and are our results due to a 
remission in the clinical course of the disease? Only time will answer 
definitely, but several factors speak against this possibility. 

The mother states that the child never showed any periods of 
improvement from the time of birth, and that its condition on dis- 
charge was much better than it had ever been. We should certainly 
expect a history of previous remissions. 

If the blood curves represent a remission, the smears should show 
evidence of blood regeneration. To compensate for the unquestionable 
improvement in the blood picture, we ought to find many nucleated 
erythrocytes in the general circulation. In a careful study of numerous 
slides we were unable to demonstrate nucleated red blood cells at any 
time during the patient’s stay in the hospital. 

Furthermore, a morphologic study of the corpuscles of the patient 
revealed that the cells were, for the most part, microcytes. There 
were also numerous macrocytes. The cells appeared to be almost 
without hemoglobin content. 

Following the transfusions, there could be found in the blood stream 
numerous deeply stained cells, with a normal morphologic structure. 
I am convinced that these were the erythrocytes of the donor. The 
contrast between the corpuscles of the patient and those of the donor 
was very striking. Among the normal red blood cells of the donor, 
there could always be found the much smaller, pale cells of the recipient. 

From the evidence presented, I feel justified in considering that the 
unquestionable clinical improvement in this case was due to the intra- 


peritoneal transfusions themselves, and not to a coincident remission. 


The report of Case 5 was supplied by Dr. E. D. Anderson: 


Case 5.—Secondary anemia. History.—A girl, aged 3 weeks, American, 
was markedly jaundiced, and had been vomiting excessively for one week. Her 
parents were living and well. Two children were living and well. One child 
died two weeks after birth. The diagnosis was congenital obliteration of the 
bile ducts. The patient, the fourth child, was a baby born at full term, in a 
normal delivery, and had been breast fed since birth. Physical examination 
at birth was negative. Two weeks after birth, the patient became markedly 
jaundiced within twenty-four hours, and vomited about every fifteen minutes. 
There was no bleeding from the mouth or intestines and no elevation of 
temperature. The child was first seen thirty-six hours after the onset of 


symptoms. 
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Physical Examination—The temperature was normal. The patient showed 
marked pallor of the skin and mucous membranes, with a slight icteric tinge 
of the skin. Examination otherwise was entirely negative. 

Laboratory Findings——The urine and stool were negative. Blood examina- 
tion revealed: hemoglobin, 20 per cent.; red blood cells, 1,472,000; white 
blood cells, 2,800; differential count: polymorphonuclears, 63 per cent.; 
lymphocytes, 16.5 per cent.; large mononuclears, 1.5 per cent.; transitionals, 
3 per cent.; eosinophils, 5 per cent.; basophils, 1 per cent.; myelocytes, 10 per 
cent. In a count of 200 cells, sixty-four nucleated red blood cells were seen. 
There was slight anisocytosis. The erythrocytes were small and contained 
little hemoglobin. The bleeding time was two minutes and thirty seconds. 
The clotting time was four minutes. The fragility test was normal. 

Subsequent Findings.—The first day, the patient was given 40 c.c. of whole 
blood, subcutaneously. 

The second day, she was given 40 c.c. of whole blood. There was no rise 
in the hemoglobin percentage. 

The fourth day, 30 c.c. of citrated blood was given through the sinus route. 
The hemoglobin was 36 per cent. 

The seventh day, the hemoglobin was 23 per cent. 

The tenth day, 100 c.c. of citrated blood was given through the sinus route. 
The hemoglobin was 34 per cent. 

The twentieth day, the hemoglobin was 31 per cent. The patient had been 
given pills of ferrous carbonate (Blaud’s), in 3 grain (0.195 gm.) doses by 
mouth, three times daily, for the preceding ten days. One hundred cubic 
centimeters of citrated blood was injected by the sinus route. The hemo- 
globin was 49 per cent. The physical examination was negative. There was 
no evidence of hemorrhage. The baby nursed well and was gaining normally. 

The twenty-seventh day, the spleen was palpable, 4 cm. below the costal 
margin. The hemoglobin was 52 per cent. 

The thirty-fourth day, the hemoglobin was 35 per cent. A vein in the 
elbow was exposed by the surgeon; but transfusion by this means was rendered 
impossible through technical difficulties. (The surgical incision did not heal 
for a month, owing to the patient’s physical condition.) 

The forty-first day, the baby was given 90 c.c. of citrated blood by the 
sinus route. 

The forty-fourth day, the hemoglobin was 39 per cent. 

The fifty-fourth day, the hemoglobin was 31 per cent. The baby was given 
70 c.c. of citrated blood intraperitoneally. The temperature rose to 103 F. 
There was considerable distention and discomfort. Twenty-four hours later, 
the temperature was normal, and the patient appeared to be _ perfectly 
comfortable. 

The fifty-sixth day, the hemoglobin was 26 per cent. 

The sixty-third day, the baby was given 100 c.c. of citrated blood intra- 
peritoneally. The hemoglobin was 39 per cent. 

The sixty-eighth day, the baby was given 100 c.c. of citrated blood intra- 
peritoneally. The hemoglobin was 50 per cent. 

The seventy-eighth day, the baby was given 70 c.c. of citrated blood 
intraperitoneally. The hemoglobin was 59 per cent. 

The ninetieth day, physical examination revealed that the child was in 
excellent general condition. The spleen was still slightly palpable. 


Comment.—The first intraperitoneal injection of citrated blood was 
followed by a reaction. The subsequent transfusions were well borne. 
There was no rise in temperature and the patient showed no evidence 
of discomfort. The sinus route was used repeatedly, until it became 
accessible only with difficulty. Surgical assistance failed. The intra- 
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peritoneal transfusion produced a definite rise in the hemoglobin 
estimations and a definite improvement in the infant’s clinical condition. 

There is danger of peritonitis following the puncture of the 
intestine. However, the clinical experience of numerous observers 
has demonstrated that this possibility is remote. At the present time, 
it does not deter pediatricians from using the intraperitoneal route for 
the injection of physiologic sodium chlorid solution or glucose in 
athreptic infants. “If a short bevel needle is used and reasonable 
care taken, it is almost impossible to do any damage to the intestine, 
a fact attested by many observers” (Porter and Carter**). It is 
employed almost as a routine measure in many hospitals, and, in many 
instances, it is used in preference to the subcutaneous method. 

This wide popularity can only mean that the dangers inherent in 
this procedure are very slight, and that peritonitis following abdominal 
puncture is not a common incident. 

There is always a definite pulse and temperature reaction following 
the first transfusion. This reaction becomes less severe with each sub- 


sequent transfusion. There were no toxic symptoms or evidence of 


abdominal distress. 

Recently, Halbertsma ** suggested a formula for calculating the 
rise in the erythrocyte count following the injection of blood. It was 
thought that comparative results, while of no definite value, would be 
interesting (Table 4). 


TABLE 4.—ComPARISON OF THEORETICAL WITH ACTUAL RISE IN THE NUMBER 
oF Rep BLoop CEeLts FoLLowInc TRANSFUSION 





Number of Red Blood Cells 








Transfusion 
Actual Rise Theoretical Rise 





Se ee Et ee ene Tee rer rer 300,000 330,000 
1,500,000 660,000 
900,000 660,000 
500,000 500,000 
500,000 1,400,000 
500,000 


I believe that the intraperitoneal transfusion of citrated blood is a 
therapeutic method that should be utilized clinically in selected cases. 
With the gradual accumulation of more clinical data, we hope that, in 
time, we shall have a definite list of indications. It would already 
appear that the proposed route cannot be used in an emergency. 
In any emergency case, a direct transfusion into the circulation is 


demanded. 

14. Porter, Langley, apd Carter, W. E.: Management of the Sick Infant, 
St. Louis, C. V. Mosby Kompany, 1922, p. 20. 

15. Halbertsma, Tj.: The Amount of Blood to Be Transfused in Anemia 
of Children (Blood Dosage), Am. J. Dis. Child. 24:269 (Oct.) 1922. 
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SUMMARY 

No benefit accrued from medical treatment for the anemia in 
Case 1. A transfusion was definitely indicated. The anterior fontanel 
was closed, and exposure of a vein was difficult. Nevertheless, this 
was attempted, with only partial success. Intraperitoneal transfusions 
gave immediate, favorable results, 

In Case 2, an irresistable opportunity was afforded to apply the 
method devised by Ashby. The patient’s condition necessitated a sinus 
transfusion before the outcome of the previous operation could be 
determined. 

The patient in Case 3 was a dehydrated, emaciated, moribund infant, 
17 days old. One hundred c.c. citrated blood was given intraperi- 
toneally. About 30 ¢.c. was recovered at the postmortem, three days 
later. Absorption undoubtedly was delayed because of the extremely 
serious condition of the patient. 

Case 4 presented a picture of blood destruction. Transfusion was 
clearly indicated. The anterior fontanel was almost closed. The 
intraperitoneal method was the only practical procedure. A noticeable 
clinical improvement followed the transfusions. 

No benefit accrued from medical treatment in Case 5. Subcutaneous 
injections of whole blood failed to help. Sinus transfusion, as long 
as the sinus was accessible, was resorted to with some success. Surgi- 
cal intervention failed. Intraperitoneal transfusions have apparently 
resulted in a marked improvement in the patient’s clinical condition. 

Among the five cases reported, favorable results were obtained in 
three. The intraperitoneal transfusion of citrated blood is simple to 
apply, practical and efficient. The intra-abdominal route should, if 
possible, not be the method of choice in emergency cases. When the 
anterior fontanel is closed and surgical exposure of a vein is difficult, 
this new avenue of approach is suggested. 


CONCLUSIONS 


1. The intraperitoneal transfusion of citrated blood is a therapeutic 
procedure of possible merit. 


2. It can apparently be utilized in cases in which transfusion is 
indicated, when other routes are unavailable or impractical. 











POLYCYSTIC DISEASE OF THE KIDNEYS 
REPORT OF CASE IN AN INFANT * 


ABRAHAM TOW, M.D. 
House Pediatrician, Lenox Hill Hospital 
NEW YORK 


The occurrence of polycystic disease of the kidneys in infancy is 
uncommon. Of the case reports in the literature, in only one! are 
the phenolsulphonephthalein excretion and a partial chemical deter- 


mination of the blood mentioned. The case herewith reported is, 
therefore, of special interest because it contains the results of phenol- 
sulphonephthalein determinations and a complete chemical study of 
the nitrogenous constituents of the blood, together with the other 


findings. 
REPORT OF CASE 

History —L. B., boy, aged 6 weeks, was admitted to the Abraham Jacobi 
Division for Children, Lenox Hill Hospital, Sept. 18, 1922. The mother had 
had severe headaches and abdominal pains for two days before delivery, but 
the birth and puerperium had been normal. The baby weighed 7 pounds 
(3,175 gm.). Symmetrical swellings in both lumbar regions were noticed at 
birth. The child cried a great deal; but it had had no illnesses to the mother’s 
knowledge. 

The child was breast fed. The stools were normal. There was no history 
of urinary disturbances. He vomited once on the day before admission, though 
it was not evident that this bore any relation to feeding. 

The mother was 24 and the father 30 years old. The father had heen mar- 
ried previously; but his first wife was never pregnant. The second marriage 
had been of one year’s duration, and this was the first child. There was no 
history of malignancy or tumor formation in either family. 

E.xramination—The weight was 7 pounds 4 ounces (3,289 gm.). The height 
was 20% inches (51.2 cm.). The patient was white and well developed but 
poorly nourished. He was cyanotic, and scattered over the body was a papular 
rash, most marked over the extremities. The skin was loose, flaccid, and dry, 
and it was covered with large flaky scales. The axillary and inguinal glands 
were palpable on both sides. The muscle tone was poor. 

The circumference of the head was 14% inches (36 cm.); both fontanels 
and the cranial sutures were open. No masses were felt, nor points of ten- 
derness elicited. The pupils were equal and reacted to light and accommo- 
Blepharitis was present in both eyes, more marked in the right. Exam- 


dation. 
The ears, nose, mouth and neck were 


ination of the eyegrounds was negative. 
all negative. 

The circumference of the chest was 12% inches (31 cm.). The lungs were 
normal. The heart on percussion was slightly enlarged, extending about one- 
half inch (1.7 cm.) to the left of the left nipple. 


* Received for publication Feb. 7, 1923. 

*From the Abraham Jacobi Division for Children, Lenox Hill Hospital, 
Dr. A. L. Goodman, Director. 

1. Greene, C. H.: Bilateral Hypoplastic Cystic Kidneys: Report of a Case 
Simulating Chronic Diffuse Nephritis in a Girl, Three Years of Age, Am. J 
Dis. Child. 24:1 (July) 1922. 
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The circumference of the abdomen was 15 inches (37.5 cm.) at the umbilicus. 
The abdomen was distended, and two definite masses were palpable, one in 
each lumbar region. The mass on the left side was larger than that on the 
right, though both felt hard and nodular. They extended from the costal 
margin to the crest of the ilium, and, on the left side, down into the pelvis. 
Anteriorly, they extended well over toward the midline, and, posteriorly, they 
were casily palpated and extended almost to the vertebral column. 

The abdomen was tympanitic over the ensiform, and the stomach and colon 
appeared to be pushed forward hy the two masses. The liver and spleen were 
both palpable, but were not enlarged. In addition, there was a diastasis of 
the recti and a small umbilical hernia. A double hydrocele was also found. 
The spine and reflexes were normal. 





Fig. 1—Appearance of patient on admission, with the kidneys outlined. 


A culture and smear from the eyes revealed Staphylococcus aureus and a 
nonhemolytic streptococcus. Both blood and spinal fluid Wassermann reactions 
were negative. The Pirquet skin reaction for tuberculosis and the Schick test 
for diphtheria were both negative. Repeated blood counts, on admission and at 
several intervals during the course of the disease, revealed from 70 to 55 per 
cent. hemoglobin. The erythrocyte count was five million on admission and 
four million before death. The leukocyte count was between 6,000 and 8,000 
cells, with 70 per cent. lymphocytes and 30 per cent. polymorphonuclears. 

At the time of admission a reducing substance was found in the urine; but, 
on subsequent examinations, this was not present. A faint trace of albumin 
was found on the second examination. This persisted. Microscopic exam- 
ination of the sediment revealed an occasional granular cast and an occasional 
leukocyte. The specific gravity varied between 10.09 and 10.10. The urinary 
output varied between 100 and 150 c.c. (A normal infant with an intake of 
about 700 c.c. ought to excrete in the neighborhood of 300 c.c.) 
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The phenolsulphonephthalein excretion showed the first trace of the dye 
(without catheterization) in thirty minutes; though normally, the child should 
have shown a trace in a catheterized specimen in from five to ten minutes. 
The specimen for the first hour showed a trace, and the second specimen, taken 
at two hours and forty minutes instead of two hours, revealed 5 per cent. 
excretion. The normal figures are from 40 to 60 per cent. in the first hour, 
and from 20 to 25 per cent. in the second. When the test was repeated, three 
weeks later, the total dye excreted in two hours was 8 per cent. It is inter- 
esting to note that a trace of the dye was found ninety-three hours after the 
first injection and eighty-four hours after the second. 

In a control estimation made on an infant, aged 11 months, recovering from 
pneumonia, the first trace appeared in ten minutes. The first hour revealed 
54 per cent. excretion; the second hour revealed 7 per cent. excretion and the 
dye had been completely eliminated after twenty hours. The urine of this 
control patient was normal 














Fig. 2.—Polycystic disease of the kidneys. 


A roentgenographic examination made on admission revealed that the heart 
was enlarged. The transverse diameter was 6.75. An examination made three 
weeks later demonstrated the transverse diameter to be 7.25 cm. 

The results of the chemical examination of the blood are given in the 
accompanying table. 


RESULTS OF CHEMICAL EXAMINATION OF THE BLOoop 


Normal Sept. 21 Sept. 28 Oct. 11 
Urea nitrogen 2-15 38.4 50.0 26.3 
Creatin J out Liz 2.36 
Uric acid 3.7 4.0 2.8 
Sugar, per cent Cataéd 8-0. 0.084 0.086 0.160 
Cholesterol 5 100.0 188.0 
Carbon dioxid combining power: 

Volumes per 100 c.c. blood plasma 41.0 


The findings when summarized revealed: (1) bilateral abdominal tumors; 
(2) signs of chronic nephritis: (a) albumin and casts in the urine, (b) dimin- 
ished excretion, (c) nitrogen retention, and (3) an enlarged heart. 
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Course.—The patient’s stay in the hospital was uneventful until the day 
before death. The child gained but 12 ounces (341 gm.) in more than five weeks; 
but it improved greatly in color and muscle tone. On the day before death, it 
became slightly cyanosed and, on two occasions, dyspneic for a few seconds. 
Death came suddenly, with signs of pulmonary edema. 

Comment.—In the differential diagnosis, syphilis and tuberculosis were 
eliminated because of the negative blood and spinal fluid Wassermann reactions, 
the negative Pirquet test and the absence of any clinical evidence of the pres- 


ence of either. 


Fig. 3.—Section of the kidney, showing the sparsity of normal kidney tis- 
sue (only two glomeruli may be seen in this field), the cysts and the infiltra- 
tion of the hyaline connective tissue. 

The existence of a marked kidney lesion, as shown by the phenolsulphone- 
phthalein test and by the chemical examinations of the blood, confined the 
possibilities to the kidneys. Hypernephroma, sarcoma and polycystic disease 
of the kidney were considered. 

A congenital, bilateral, almost symmetrical mass dating from birth might 
he a hypernephroma; but no report of any such condition could be found in 
the literature. While Jacobi,’ in a series of fifty-five cases of sarcoma of the 


2. Jacobi, quoted by Holt, L. E.: Diseases of Infancy and Childhood, 
Id. 7, New York, D. Appleton & Co., p. 640. 
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kidney, reports five as being congenital. Sarcoma usually does not present two 
masses of almost equal size. The tendency is for the mass on one side to be 
much larger than on the other; or, on physical examination, only one tumor 
mass is palpable. 

The cases reported here presented the triad of symptoms which made a 
diagnosis of polycystic disease of the kidneys far from difficult. With the fol- 
lowing findings, the diagnosis is almost a certainty: (1) bilateral abdominal 
tumors dating from birth; (2) signs of chronic nephritis; (3) an enlarged heart. 

Pathologic Examination—The body was that of a somewhat emaciated male 
infant, 46 cm. in length. It weighed 3,635 gm. The abdomen was protuberant 
and was almost completely filled with a bilateral tumor mass. Rigor mortis 
was present. The pupils were dilated. 

Skull: When the calvarium was opened, an excessive amount of cerebro- 
spinal fluid escaped. The pia was very markedly edematous, and the convolu- 
tions on the inferior portion of the forebrain showed marked flattening. The 
lateral ventricles were slightly distended. 

Chest: Both pleural cavities contained approximately 50 c.c. of a clear fluid 
The pericardium contained about 20 c.c. of a clear fluid. The thymus was per- 
sistent. Both lungs, in their posterior, inferior portions, were markedly 
edematous, but without gross evidence of consolidation. The heart weighed 
35 gm. and measured 4 by 3 by 4 cm. in diameter. The greatest amount of 
hypertrophy was noted in the left ventricle. 

Abdomen: The peritoneal cavity contained no fluid. The gastro-intestinal 
tract, suprarenals, bladder, testes, ureters and gallbladder, as well as the 
pancreas, were normal on gross examination. The liver was of normal size, 
and, on gross section, showed no abnormalities. The spleen was slightly increased 
in size, and, on section, it was firm. 

The right kidney weighed 190 gm. and measured 9.5 by 5 cm. The left 
kidney weighed 180 gm. and measured 9 by 5 cm. Both kidneys on section 
showed innumerable cysts, which varied in size from 0.1 to 0.6 cm. There 
were also innumerable smaller cysts which could be seen with a hand lens. 
No margin of kidney tissue was demonstrable. 

Anatomic Diagnosis: Edema of the brain; bilateral pleural effusion; edema 
of the lungs; cardiac hypertrophy; bilateral congenital cystic kidney. 

Cause of Death: Edema of the brain; edema of the lungs. 

Summary of Microscopic Examination: Of the heart, no changes; of the 
lungs, a slight edema; of the liver, no changes; of the spleen, a moderate 
degree of congestion and fibrosis; of the kidneys, a dense hyaline stroma in 
which there were a few isolated areas of fairly normal kidney epithelium, 
the larger portion of the specimen consisted of cystlike spaces lined by from 
one to twelve and fourteen rows of low cuboidal epithelium. 


COM MENT 


Some years ago Leopold and Kunstler * reported a case from this 
service in which the combined weight of the kidneys was 470 gm. 
The tumors were palpable; the heart was enlarged. This child was 
3 months old and weighed 10 pounds (4,536 gm.). Polycystic disease 
of the kidney was considered as the most likely diagnosis, and this 
was confirmed by a laparotomy. The case reported by Greene? is 
exceptional in that both kidneys were atrophic, and their combined 
weight was but 17 gm. These kidneys were not palpable. The 
heart was not enlarged. The phenolsulphonephthalein test, performed 


3. Leopold, J. S., and Kiinstler, M. B.: Polycystic Disease of the Kidney 
in an Infant Three Months Old, Am. J. Dis. Child. 10:367 (Nov.) 1915. 
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several times, revealed an excretion varying from 4 to 10 per cent. 
The nonprotein nitrogen was 48 mg. for each hundred cubic centi- 
meters, and the carbon dioxid capacity was 18 per cent. by volume at 
the same time, although this rose later to 41 per cent. following a 
transfusion. ~ 

A brief review of the subject is of interest, although, for a more 
elaborate discussion, the reader is referred to the articles by Dunger,* 
Reque* and Moschowitz.° Greene’s report, previously mentioned, 
is also of interest because of the small size of the kidneys. 

The disease seems to have a hereditary basis, thus Dunger * cites 
Virchow’s case of four children of the same mother in all of whom 
polycystic kidneys were found. He also mentions five children of 
another mother; a father, son and nephew, and a father, son and 
sister with symptoms in other children of the same family. 

The polycystic kidney is probably always congenital and with it 
other congenital defects are found, namely, harelip, cleft palate, car- 
diac defects, meningocele, spina bifida, anomalies of excess or absence 
of extremities, hypospadias and atresia and absence of the bladder. 
In addition to these, Moschowitz, in summing up the findings of 
Lejars, Luzatto and Johnson, found liver cysts in about 19 per cent. 
of the cases. 

Several theories have been advanced as to the etiology. Virchow ‘ 
first believed the condition due to an intra-uterine obstruction of the 
kidney tubules by uric acid and lime infarcts. Later, he concluded 
that the condition was due to an intra-uterine papillitis produced by 
the irritation of uric acid and lime infarcts. The papillitis produced 
the characteristic change in Bowman's capsule by causing atresia and 
obliteration of the collecting tubules. Brigidi and Severi,? in 1870, 
made the assertion that the condition was a multilocular adenocystoma. 
Their examination revealed an increase in the number of layers of 
many of the tubules; proliferation of the epithelium in continuity so 
that the epithelium appeared contorted within the lumen; epithelial 


sprouts into surrounding connective tissue from the walls of the 
tubules, and a pseudopapilliferous formation on the inner walls of 


many of the cysts. 

If this were true, one would expect that the epithelial elements in 
such kidneys would be increased. But Busse and Dunger‘ have 
shown that such elements are greatly diminished. The place of the 


4. Dunger, R.: Zur Lehre von der Cystenniere mit besonderer Beruck- 
sichtigung ihre Hereditat, Beitr. z. path. Anat. u. z. allg. Path. 35:445, 1904. 

5. Reque, H. A.: Cystic Kidney and Liver, Med. News, New York 87:210 
(July 29) 1905. 

6. Moschowitz, E.: Nonparasitic Cysts (Congenital) of the Liver, with a 
Study of Aberrant Bile Ducts, Am. J. M. Sc. 131:674 (April) 1905. 

7. Quoted by Moschowitz, Footnote 6. 
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epithelial elements is taken by connective tissue. Busse‘ also found 
that all embryonal kidneys showed the epithelial changes upon which 
Brigidi and Severi and their followers based their assertions. The 
importance of the round-cell foci upon which Virchow and Stieda? 
lay such stress as criteria of inflammation has also been minimized 
by Busse, who found that such foci existed normally in the connec- 
tive tissue of all fetal kidneys. Many cases of cystic kidney have also 
heen reported in which papillitis could not be demonstrated. Vir- 
chow’s explanation also fails to explain the associated anomalies. 

The theory of maldevelopment, first suggested by Von Mutach,’ 
is the popular one today. This author, in a study of embryonal and 
cystic kidneys, recognized the striking embryonal characteristics of 
the cystic kidney. However, it is probable that no one theory is 
applicable in all cases. 

In infancy no child lives long if the tumor masses are palpable. 
But enough kidney tissue may be left to permit the organs to func- 
tion sufficiently well so that the patient may live for many years, 


dying then either of some condition independent of the kidney lesion 


or because of inability properly to carry on the process of elimina- 
tion. (f the necropsies performed at this hospital, one was on a 
woman, 64 years old and very obese, who died of pneumonia follow- 
ing an operation for carcinoma of the breast. Examination of the 
urine was negative, and no pathologic condition of the kidney was 
suspected. At necropsy two polycystic kidneys were found. This 
woman had a cleft palate. 

Medical treatment is purely symptomatic. When the cysts become 
so large that they produce pressure symptoms, multiple puncture of 
the cysts may afford some relief. In adults, Rovsing* and Lund * 
have reported some favorable results following the procedure as 
adopted by Rovysing. But in the hands of other surgeons, the results 
have been unfavorable. It is asserted that this operation cannot restore 
damaged kidney tissue, and sections of such a kidney reveal that only 
a very small number of the cysts are on the surface. One can readily 
see, therefore, that puncture of the large cysts may relieve pressure 
symptoms; but the kidney function can hardly be improved unless, 
as Rovsing himself says, there is an obstruction due to the pressure. 
Nephrectomy is never indicated, as the condition is practically always 
bilateral. Still, unilateral cases have been reported. Osler,'’ reviewing 
the work of Ritchie and Lejars, found three cases of unilateral poly- 
cystic kidney in 150 cases of that condition. 

8. Rovsing: Treatment of Multilocular Kidney Cystoma (Congenital 
Cystic Kidney) by Means of Multiple Punctures, Am. J. Urol. 8:120, 1912. 

9. Lund, F. B.: Rovsing’s Operation for Congenital Cystic Kidney,. J. A. 
M. A. 63:1082 (Sept. 26) 1914. 

10. Osler, William: On Diagnosis of Bilateral Cystic Kidney, Am. Med. 
3:463 (March 22) 1902. 





LEAD POISONING IN INFANCY * 


L. EMMETT HOLT, Jr, M.D. 
BALTIMORE 


Poisoning by lead is a rare occurrence in early life, and is, there- 
fore, seldom considered as a diagnostic possibility in young children. 
Although much has been written on the subject as it concerns older 
children, particularly in Australia, the condition is very rare in infants. 
The following case is reported because of the extreme youth of the 
patient and the unusual mode of poisoning. 


REPORT OF CASE 


History.—A baby girl, aged 8 months, was admitted to the medical service 
of the Babies’ Hospital, April 2, 1922, because of convulsions which had begun 
six hours previously. The birth and early history were negative. The child 
had been breast fed continuously until five days before admission when a 
small supplementary feeding was added. For two months a slight pallor of 
the skin had been noted. An iron tonic had been given on this account; but 
it caused a digestive upset and was, therefore, discontinued. The child seemed 
well until the day before she was brought to the hospital. It was then noticed 
that she was fretful and whined most of the time. The following day con- 
vulsions occurred which were clonic in character and, according to the 
mother’s observation, involved the right side more than the left. The con- 
vulsions were prolonged, the exact duration being unknown. On admission 
to the hospital they had ceased entirely. 

Examination.—The child was rather pale and appeared undernourished. She 
was quite fretful when handled. The head showed well marked evidences of 
rickets: definite craniotabes, prominent frontal and parietal bosses, and a large 
fontane! which was full and tense. There was a staring expression in the eyes, 
and the pupils were dilated and reacted sluggishly to light. A slight right-sided 
facial weakness was noticeable when the baby cried. The deep reflexes were all 
exaggerated, and at times a Babinski reflex was obtained. There was a 
transient spasticity of the legs, but no Kernig’s sign. There was also a sug- 
gestive Trousseau’s sign in the right arm. A most striking phenomenon, 
however, was a continuous paddling motion of the arms, which were turned 
over and over as in the test for adiadokokinesis. There was no fever. 

A lumbar puncture revealed clear fluid under apparently normal pressure, 
12 cells to each cubic millimeter (95 per cent. mononuclears), a faintly posi- 
tive globulin reaction (Noguchi’s reagent), and a positive sugar reduction. 

The electrical reactions were: CCC—1.4 milliamperes; COC=4.5 milli- 
amperes; ACC=2.0 milliamperes, and AOC = 4.0 milliamperes. 

In view of the presence of rickets, the suggestive Trousseau’s sign, the 
increased electrical excitability and the negative lumbar puncture findings, 
the case was regarded as one of tetany. An examination of the blood revealed 
a moderate anemia: erythrocytes, 3,800,000, and hemoglobin, 67 per cent. 

Course—There was no recurrence of the convulsions within the next twenty- 
four hours, and the mother was allowed to take the child home. The following 
day a film had formed in the spinal fluid, and a careful search was made for 
tubercle bacilli, with negative results. 


* Received for publication, Jan. 31, 1923. 
*From the Babies’ Hospital of the City of New York. 
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The child had been home for only two days when she was brought back 
to the hospital because of a return of the convulsions. For a day she had 
remained quiet and drowsy; but then repeated attacks of general convulsions 
developed. In the intervals between these she appeared quite stuporous, 
although she continually rolled her head and moved her arms as before. 

Second Examination.—On admission, no definite change in the nervous symp- 
toms was noted. The spinal fluid, however, showed a marked increase in 
pressure. It contained 30 cells per cubic millimeter, 90 per cent. mononuclears, 
and showed a strongly positive globulin reaction. 

Cutaneous tuberculin tests and a Wassermann test of the blood gave nega- 
tive results. The blood count showed, in addition to the anemia noted pre- 
viously, a leukocytosis of 18,400, with 58 per cent. polymorphonuclears. In 
the smear, however, besides a moderate degree of anisocytosis and poikilo- 
cytosis and many nucleated red cells, there were found an astonishingly large 
number of red cells showing basophilic stippling, many of these being present 
in each field. 

This finding led to the suspicion of lead poisoning as a cause of the ner- 
vous symptoms. On inquiry, however, no possible source of lead could be 
discovered. The child had no teeth, had sucked no painted toys, had never 
been in freshly painted rooms, nor had she been given water which had come 
through lead pipes. Hereditary lead poisoning was considered; but no evi- 
dence of lead poisoning could be found in the mother. Her gums showed no 
lead line, and, except for a mild secondary anemia, her blood was negative. 
One of the mother’s breasts, however, exhibited a mild eczema. It developed 
later that this condition had been more severe, and that for eight weeks 
previous to the child’s illness she had been using an ointment on it. This oint- 
ment had been applied continuously, except when the child was actually nursing. 
It was then wiped off, to be reapplied immediately afterward. The ointment was 
a proprietary “diachylon compound” ointment, the chief constituent of which 
was lead acetate. The explanation of the poisoning in the child was thus 
perfectly clear. 

Subsequent Course-—The child’s convalescence was very slow and was com- 
plicated, successively, by otitis media, prolonged diarrhea and pyelitis. She 
was kept in the hospital eight weeks, until these conditions had disappeared. 
An attempt was made to demonstrate lead in the urine in the second week 
of the disease, but this was unsuccessful. No specific therapy directed 
toward the elimination of lead was attempted, the only medication being cal- 
cium bromid given to control the convulsions, which recurred at intervals for 
about a week. The automatic movements were present at times during the 
following four weeks, after which they were not observed. Stippled cells in 
the blood were present in large numbers only in the first week of the disease, 
after which they could be found but rarely. 

Two later examinations of the spinal fluid revealed a gradual diminution 
in pressure and in the cell count. The last one, made four weeks after the 
onset, disclosed but 5 cells to each cubic millimeter, all lymphocytes. A strongly 
positive globulin reaction still persisted. 

At the time of discharge from the hospital, the child was entirely free 
from active nervous symptoms, although she seemed mentally below par, 
recognizing neither her mother nor her bottle at the age of 10 months. Dur- 
ing the seven months since her discharge, there has been steady improvement. 
Her weight has increased from 12 to 22 pounds (5.4 to 10 kg.). She now sits 
up laughs, plays, recognizes people about her as well as her food, and attempts 
to walk, although she cannot walk alone. She does not talk. At the present 
time it seems impossible to determine whether the slightly retarded develop- 
ment is due to a cerebral lesion or is merely a result of the child’s long illness. 
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COMMENT 


It is not the purpose of the present article to review the entire 
subject of lead poisoning, even as it concerns children. As far as 
clinical descriptions of the disease are concerned, the early writings 
of Tanquerel* have yet to be improved upon. This author recognized 
the major symptoms of colic and constipation, anemia and wasting, 
neuritis with pain or paralysis, and a variety of cerebral disorders 
which he grouped under the term “encephalopathy.” Under the last 
heading are described delirious forms, convulsive types, comatose 
varieties and a smaller number of cases with automatic movements, 
resembling very closely those observed in the case reported above. 
The more recent reports * of cases of lead poisoning in children have 
emphasized that in only two particulars does the symptomatology differ 
from that found in the adult: namely, the more frequent occurrence 
of foot-drop than wrist-drop, and the greater incidence of cerebral 
complications in children. The comparatively recent study of eye- 
grounds,* blood* and spinal fluid® has demonstrated characteristic 
changes in these tissues due to lead, and has greatly facilitated the 
diagnosis of this disease. 

The authors quoted, however, have little or nothing to say about the 
occurrence of lead poisoning in early infancy, and it is the purpose of 
this report to draw attention to this phase of the subject. 

The number of authentic cases of lead poisoning in young infants is 
very small. Much has been written on congenital lead poisoning, par- 
ticularly by Arlidge® in England and Constantin Paul’ in France. 
These writers made extensive studies of the families of workers in 
lead. In many instances, both parents were suffering from lead 
poisoning. Both Arlidge and Paul found in the communities studied 


1. Tanquerel: Lead Diseases (translation by Dana, 1848). 

2. Gibson, Love, Hardie, Bancroft, Turner: Tr. Intercolonial Medical Con- 
gress of Australasia, 1892, p. 76. Gibson: Australasian M. Gaz., 1897, p. 479. 
Turner: Ibid., 1897, p. 475. Gibson: Ibid., 1904, p. 149. Gibson: Tr. Austra- 
lasian M. Cong. 2:750, 1911. Brienl and Young: Ann. Trop. M. & Parasitol. 
8:475, 1914. Berger: Berl. klin. Wchnschr., 1874. Loewy: Wien. med. Press, 
1883. Plate: Miinchen. med. Wchnschr. 60:2343, 1913. Stephenson: Lancet, 
1898. Stewart: Am. J. M. Sc., 1895, pp. 288, 294; Med. News, 1887. Thomas, 
H. M., and Blackfan, K. D.: Recurrent Meningitis, Due to Lead, in a Child 
of Five Years, Am. J. Dis. Child. 8:377 (Nov.) 1914. Blackfan, K. D.: Am. 
J. M. Se. 153:877 (June) 1917. Chapin: Med. Rec., 1884. Mosny and Malloizel: 
Rev. de méd. 27:505, 1907. Roussel: Loire méd., 1898, p. 331. Bouchut: Gaz. 
d. hép., 1875. Von Hove: Bull. Soc. de méd. de Gand., 1889, p. 151. 

3. Gibson, Brienl and Young: Footnote 2. 

4. Gravitz: Klinische Pathologie des Blutes, Leipzig, 1911. 

5. Mosny and Malloizel: Footnote 2. Gibson: Tr. Australasian M. Cong. 
2:750, 1911. Blackfan: Footnote 2. 

6. Arlidge: Ann. Pub. Health & M. Sc., translated by Beauregard, 1865, 
quoted by Dufour-Labastide: Thése, Paris, 1896. 
7. Paul, Constantin: Arch, gén. de méd., 1860. 
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a very high percentage of stillbirths, and also a high mortality from 
convulsions in the first three years of life. The number of mental 
defectives among the older children was likewise very large. 

Only a few reports could be found in the literature in which the 
placental transmission of lead was beyond question. Ganyaire * demon- 
strated the presence of lead in the placenta, liver and brain of an infant 
dying when 48 hours old. Legrand and Winter ® report a similar case. 

Paul admits that, in many cases which he has classed as congenital, 
the poisoning may have continued after birth through the mother’s milk. 
Furthermore, Balland’” was able to recover considerable quantities 
of lead from the milk of a mother suffering from lead poisoning. The 
statistical observations of Arlidge and Paul cannot be considered as 
altogether reliable, since no sharp line can be drawn between the cases 
of congenital and acquired lead poisoning. The evidence is wanting 
that congenital lead poisoning is a frequent occurrence. 

A somewhat larger number of reliable reports of acquired lead 
poisoning in infancy were found. Dufour-Labastide ** has collected a 
series of cases of lead poisoning in children, fourteen of whom were 
under 2 years of age, and one but 3 weeks old. In these cases, there 
was a great variety in the sources of the lead. In only one was the 
poison introduced by inhalation of dust which contained lead. In the 
others it was introduced by mouth, in paint from toys, in buns and 
candies colored with lead chromate; in printers’ type, ointment of lead 
oxid (litharge), water and milk which had stood in lead receptacles. 
Improper medication was responsible for two cases. In three cases, the 
child obtained the poison from the mother: one by sucking paint from 
the mother’s face, and two (reported by Von Hove ** and Bouchut **) 
by nursing following the use of a lead ointment on the mother’s breast. 
I have found only one other reference to a similar source of ingestion. 
Roussel ** reports a small epidemic of lead poisoning in infants, the 
result of a lead acetate ointment prescribed for the breasts of nursing 
mothers by a druggist. 

It is generally conceded that cases of lead poisoning showing cerebral 
involvement are more liable to be fatal. In comparing the mortality of 
such cases in infants with that in older children, it is surprising to 
find a low mortality among infants. In Dufour-Labastide’s small series 
four out of six patients with cerebral symptoms recovered. The sta- 





. Ganyaire: Thése de Paris, 1900. 
9. Legrand and Winter, quoted by Dufour-Labastide: Thése de Paris, 1902. 

10. Balland: These de Paris, 1896. 

11. Dufour-Labastide: These de Paris, 1902. 

12. Von Hove: Footnote 2. 

13. Bouchut: Footnote 2. 

. Roussel: Loire méd., 1898, p. 331. 
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tistics for older children differ widely. Stewart’ reports a mortality 
of six out of seven children with convulsions. Holt and Howland ** 
observed only one recovery out of eight cases, and Berger ** reports 
nine fatal cases in a single family. The Australian writers, Gibson, 
Love and Turner, however, find a mortality of from 15 to 20 per cent. 
The prognosis in these cases seems to depend in large measure upon 
the success with which lead can be eliminated from the diet. While 
this is sometimes very easy, it is in other cases next to impossible. This 
variable factor may account for the discrepancies reported among older 
children. 

The case reported shows that lead poisoning should be considered 
as a diagnostic possibility at any age, when dealing with convulsions 
of obscure origin, even though no source of poisoning is evident. 


15. Stewart: Am. J. M. Sc., 1895, p. 294. 

16. Holt, L. E., and Howland, J.: Diseases of Infancy and Childhood, Ed. 8, 
New York, D. Appleton & Co., p. 726. 

17. Berger: Footnote 2. 





TYPES OF ORGANISM FOUND IN A SERIES OF 
TUBERCULOUS CHILDREN * 
J. KEITH GORDON, M.D., ann ELSIE W. BROWN, B.Sc. 


BOSTON 


In view of the fact that a determination of the relative frequency 
with which bovine tuberculosis occurs in children of the same com- 
munity has a very definite bearing upon the nature of the milk supply 
of that community, and also that, in some instances, the figures of 
other investigators have been somewhat too small to deduce final per- 
centages of bovine infection in children, a study of the subject was 
undertaken in these laboratories. It was our chief object to ascertain 
the type of infection in each case, rather than to attempt to discuss 
at any length the morphologic and cultural characteristics of tubercle 
bacilli from bovine and human sources. 

Following the discovery by Theobald Smith,? in 1898, that two 
distinct types of tubercle bacilli could be recovered from tuberculous 
lesions in man, one of which was also pathogenic for cattle, and thus 
designated “bovine,” and the other pathogenic only for human beings 


’ 


and, therefore, designated “human,” and his demonstration of the 


fact that both rabbits and guinea-pigs differ in their susceptibility to 
these two types of bacilli, numerous workers became interested in the 
subject. Wolbach and Ernst,? and others, studied with great care 
and completeness the cultural characteristics and morphology of the 
organisms, while the largest series of actual cases of tuberculosis in this 
country that were classified according to type, age and parts affected 
appeared in the monograph of Park and Krumwiede,® in 1910. From 
a study of a large series of cases in the State of New York, and later * 
combining their figures with those of others, they pointed out that the 
bovine type of tubercle bacillus was the infecting agent in nearly 11 per 
cent. of all cases, and that of these more than 90 per cent. occurred 


* Received for publication, Dec. 12, 1922. 

*From the Laboratories of Pathology and Bacteriology, Children’s Hos- 
pital and Harvard Medical School. 
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in children under 16 years of age. They also showed that the bovine 
virus caused somewhat less than 10 per cent. of the total deaths in 
children. 

Much more startling results have been obtained by British investi- 
gators. Mitchell,® in a study of seventy-two cases of tuberculous 
adenitis in children, in and about the city of Edinburgh, found that 
90 per cent. of the total number were infected with a bovine organism, 
while Fraser,® in a series of seventy cases of bone and joint tuber- 
culosis at the Sick Children’s Hospital, Edinburgh, recovered the bovine 
organism in nearly 60 per cent. of the total. The former emphasized 
the almost universal practice of feeding Scottish children with unsteril- 
ized cow’s milk, and the great prevalence of tuberculosis in the dairy 
cows of Scotland, combined with the inadequate veterinary inspection. 


I. TECHNIC 

It is generally conceded that in order to establish definitely the 
identity of the human and bovine types of tubercle bacillus, the organ- 
isms must not only show characteristic types of growth on artificial 
culture mediums, but must also be tested for their virulence. The 
latter, which is the most conclusive means of differentiation, depends 
upon the extent of the lesions produced in rabbits inoculated with the 
bacilli, while the nature of the growth of the organisms upon egg 
mediums appears to give sufficient contrast to enable one to distinguish 
the two types culturally. Some workers have, in addition, employed 
the “Smith reaction,” * which consists of noting the constant curve of 
acid reduction which the two types produce when grown upon slightly 
acid glycerin bouillon; but its practical usefulness appears to be 
interfered with by the length of time that must elapse before a final 
reaction is obtained. In the main, the variation in technic used by 
different workers has existed simply in the method chosen for inocu- 
lation of rabbits. Since this fact alone may slightly alter the picture 
of the findings, we have considered that a somewhat detailed account 
of the routine procedure that we have employed in each case might 
not be out of place here. 

The material to be tested was ground up with about 10 c.c. of 
sterile saline in a sterile mortar. After complete disintegration, the 
supernatant fluid was decanted into another sterile vessel, whence it 
was drawn up into a 5 c.c. syringe. Two rabbits and two guinea-pigs 


5. Mitchell, A. P.: Report on the Infection of Children with the Bovine 
Tubercle Bacillus, Brit. M. J. 1:125, 1914. 
6. Fraser, J.: A Study of the Types of Organism in a Series of Bone 
and Joint Tuberculosis of Children, Brit. M. J. 1:160, 1913. 
7. Smith, Theobald: The Reaction Curve of Tubercle Bacill: from Dif- 
ferent Sources in Bouillon Containing Different Amounts of Glycerin, J. M. 
Res. 13:405, 1904-1905. 
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of known weight were inoculated with 1 c.c. of this fluid, the injection 
being made subcutaneously into the groin in the case of one guinea-pig 
and one rabbit, while the other guinea-pig and rabbit were inoculated 
intraperitoneally. The animals were then placed in clean cages in a 
room separate from that in which the inoculations and dissections were 
made, and their weights recorded weekly. If any marked loss of weight 
occurred in the guinea-pigs during the two weeks subsequent to inocu- 
lation, the animals were killed in order to obviate postmortem con- 
tamination, since it is difficult to obtain a sterile culture from an animal 
after death from tuberculosis. Guinea-pigs that did not show any 
marked loss of weight were aliowed to live, as a maximum, four weeks 
from the time of inoculation. The weight of these animals is not 
always a reliable sign of infection, since some showed a gain in weight 
even when there was generalized tuberculosis. Small guinea-pigs are 
the least resistant, and lesions appear earlier in them than in the larger 


ones. The picture of virulence in guinea-pigs is not so marked as to 
be of value in the differentiation of the two types of bacilli; as a rule, 
however, the bovine type of organism causes a more generalized tuber- 
culosis than the human. Constant findings in all cases were, in the 
event of an intraperitoneal inoculation, a tumor of the omentum, and, 
in the case of subcutaneous inoculation in the groin, caseation of the 
inguinal and retroperitoneal lymph nodes, while, in both instances, there 


were gross tubercles in the spleen. 

Rabbits were killed within the minimum period of six weeks. Here 
again the weight of the animals is not always a reliable sign, although 
a constant gain practically precludes the presence of the bovine virus. 
In these animals, the contrast in the anatomic pitture was particularly 
striking. Those inoculated subcutaneously in the groin with a sus- 
pension of the human type of organism showed, in the majority of 
cases, no gross evidence of tuberculosis, although occasionally there 
was a caseous nodule at the site of inoculation; while, in the case of 
the bovine virus, there was tuberculosis with caseation of the inguinal 
and retroperitoneal lymph nodes, the lungs and spleen being in most 
cases riddled with tubercles. Intraperitoneal inoculation of the human 
virus, in the majority of instances, revealed no gross evidence of tuber- 
culosis, although in many instances a caseous nodule appeared at the 
site of inoculation, or a small caseous mesenteric lymph node, and, in 
some instances, a few scattered tubercles in the lungs. In the case of 
the bovine type of organism, there was a large caseous area at the site 
of inoculation,.a large omental mass, and miliary tubercles in the 
peritoneum, lungs and spleen. 

Cultures were taken from the killed guinea-pigs in the following 
manner: The animal was skinned, care being taken not to contami- 
nate the body cavities. It was then strapped or pinned to a board, and, 
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with a searing knife, a longitudinal sear was made from the top of the 
sternum to the symphysis pubis, and two diagonal sears, one just above 
the symphysis pubis and the other just below the costal border. By 
cutting along these sears with a sterile instrument, the body cavities 
were exposed aseptically. Pieces of tuberculous tissue were then 
excised under sterile precautions and placed in a petri dish, where they 
were thoroughly disintegrated before being transferred to artificial cul- 
ture mediums. In the choice of tissue for cultural purposes, we have 
preferred regional lymph nodes, as we have found them less prone to 
contamination by molds than other organs. In the case of animals 
inoculated in the groin, two constantly affected and readily accessible 
nodes are those which are situated behind the peritoneum, in the region 
of the bifurcation of the iliac vessels. 

Small pieces of the disintegrated tissue were rubbed thoroughly over 
the surface of at least ten tubes of Dorset’s egg medium, both with and 
without glycerin. We found that our most successful cultures were 
obtained from those tubes from which the pieces of tissue were removed 
immediately after inoculation, the retention of the tissue seeming to 
encourage the appearance of molds and to have a slight inhibitory effect 
on the growth of the tubercle bacillus. 

Since we were not concerned with a detailed study of the mor- 
phology and physiology of the organisms, we took notice only of such 
gross characteristics of the cultures as might serve to differentiate the 
growth of the human and bovine types of tubercle bacillus. In fact, 
in our primary cultures on the mediums used, the morphology of the 
two types of bacilli was not distinctive enough to be of diagnostic 
value, although, in the main, the organisms of the human type took a 
less heavy stain than those of the bovine type and were inclined to be 
more curved. 

We found that the majority of cultures taken from material that 
was not virulent for rabbits, and which we, therefore, designated as 
belonging to the “human” type, showed the following characteristics : 

1. The growth on plain egg and on glycerin egg medium was equally 
luxuriant. 

2. This growth was macroscopically apparent in from ten days to 
three weeks. 

3. The colonies were dry and “crumby,” and, in some of the older 
cultures, they showed a slight buff pigment. 

On the other hand, the majority of cultures from material which 
gave a generalized tuberculosis to rabbits, and which we called “bovine,” 
showed these characteristics : 

1. This type of organism grew on glycerin egg in only two cases 
and then very scantily. 
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2. On plain egg, it grew in almost every case, but with varying 
degrees of luxuriance. In no case did it grow as heavily as the 
human type. 

3. Growth in these cultures was not, as a rule, macroscopically 
evident before an incubation period of three weeks. 

4. The colonies were moist and flat and tended to be more confluent 
than those of the human type. 

In a few cases we failed to obtain growth in the cultures. This 


lack of success was quite definitely traced to the use of poor lots ot 
mediums and to the presence of contaminating organisms. Several 
cultures planted from tuberculous material of the human type, accord- 
ing to the animal tests, showed a moist growth similar to that of the 
bovine organism. In these instances, it was noticed that the tissue 
used for inoculation was inclined to be soft and somewhat puriform, 
as compared with the dry caseous material used for the more heavily 


growing cultures. 

These observations were all made on the primary cultures from 
infected animal tissue. Later generations of cultures were not suitable 
for differential diagnosis, since the more robust of the bovine cultures 
began to assume the dry appearance of the human type even in the 
second or third generation. 

Because of the various environmental factors concerned in the 
cultivation of the tubercle bacillus, we believe that our cultures, while 
valuable in checking the results of animal inoculations, were not 
reliable enough in themselves for determining the type of tuberculous 
infection, 

II. CLINICAL AND PATHOLOGIC DATA AND TYPES OF ORGANISM 

RECOVERED 

Our own series of cases has been selected from material in the 
wards of the Children’s and Infants’ hospitals, Boston, and consists of 
thirty tuberculous children, ranging in age from 4 months to 11 years, 
all of whom resided in the Boston district. We have given a summary 
of the history and clinical and pathologic findings, together with the 
type of organism recovered in each case, in order to attempt to estab- 
lish a definite relationship between the type of organism and such 
factors as contact with tuberculous adults, the nature of the child’s 
food and the extent of the lesions. 


REPORT OF CASES 


Cast 1.—A. S., boy, aged 4 months, was admitted to the Infants’ Hospital, 
March 15, 1922, with a history of cough and upper respiratory symptoms for 
two months previous to admission. Vomiting and diarrhea had been evident 
for some time since then. There had been retraction of the head for three 
weeks. The baby was breast fed. The father had a cough and had lost weight 
for one year; but there was no definite family history of tuberculosis or 
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exposure to it. Physical examination revealed marked malnutrition, retrac- 
tion of the head and positive Kernig and Brudzinski signs, and fine rales 
over both lungs. The Pirquet reaction was positive. The spinal fluid was 
cloudy, contained 130 cells per cubic millimeter; and acid-fast bacilli. A 
roentgenogram of the chest revealed marked bilateral infiltration, with a cavity 
at the left apex. The child died March 19, 1922. Necropsy revealed tuber- 
culous pneumonia and generalized miliary tuberculosis, with involvement of 
the meninges, the primary focus being the left apex. The human type of organ- 
ism was recovered. 


Case 2.—M. M., girl, aged 4 months, was admitted to the Infants’ Hospital, 
Jan. 12, 1922, with a history of fever, anorexia and failure to gain during the 
previous three weeks. The family history was negative, and there was no 
history of exposure to tuberculosis. The baby had been breast fed until the 
illness began. Physical examination revealed definite evidence of consolida- 
tion of the right lung in the axilla, with scattered rales throughout both sides 
of the chest. Some meningeal signs were present. The Pirquet reaction was 
positive. The roentgen ray revealed extensive tuberculous processes throughout 
both lungs, The spinal fluid contained 100 cells per cubic millimeter; small 
lymphocytes, 71 per cent., and no micro-organisms were found. The child 
died, Jan. 18, 1922. Necropsy revealed tuberculous bronchopneumonia with 
generalized miliary tuberculosis and tuberculous meningitis. The human type 
of organism was recovered. 

Case 3.—J. F., boy, aged 4 months, was admitted to the Infants’ Hospital, 
June 5, 1922, with a history of irritability, refusal to take food, sleeplessness 
and sighing respirations. Drowsiness and slight cough had been present for 
eight days previous to admission. The baby was breast fed. The family his- 
tory was negative, and there was no history of exposure to tuberculosis. 
Physical examination revealed marked prostration and emaciation, rapid 
shallow breathing, a bulging anterior frontanel, and bilateral internal strabis- 


mus. The lungs showed signs of consolidation in the left upper lobe, and 
diffuse pulmonary tuberculosis, confirmed by the roentgen ray. Kernig’s sign 
was positive, as was also the Pirquet reaction. The spinal fluid showed 580 
cells; 60 per cent. polymorphonuclears, and numerous acid-fast bacilli. The 
infant died, June 7, 1922. Necropsy revealed tuberculous pneumonia, tuber- 
culous meningitis and generalized miliary tuberculosis. The human type of 
organism was recovered. 


Case 4.—V. L., girl, aged 5 months, for whom there are no available records 
as to history or physical examination, was treated with a clinical diagnosis of 
tuberculous meningitis. No necropsy was obtained. The human type of 
organism was recovered. 

Case 5.—W. F., boy, aged 6 months, was admitted to the Infants’ Hospital, 
May 23, 1922, with a history of gradual onset of drowsiness, vomiting and 
convulsions, commencing five days before admission. There was a definite 
family history of tuberculosis and of exposure to it. The infant was breast 
fed. Physical examination revealed enlarged cervical glands on both sides 
and signs of meningitis. The skin showed tuberculid rash. The Pirquet 
reaction was positive. The roentgen ray revealed diffuse pulmonary tuber- 
culosis, with thickening of the hilum and paratracheal involvement. The 
spinal fluid contained 359 cells, the majority of which were mononuclears, and 
positive albumin and globulin. The patient died, June 1, 1922. No necropsy 
was obtained. Clinical diagnosis was generalized miliary tuberculosis and 
tuberculous meningitis; type of organism, human. 

Case 6.—J. M., boy, aged 8 months, was admitted to the Infants’ Hospital, 
April 7, 1922, with a history of pneumonia complicated by pleurisy, six weeks 
before admission. The day before admission the child had become very 
frritable and commenced to vomit. The family history was negative, and 
there was no history of exposure to tuberculosis. The infant had been bottle 
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fed since birth. Physical examination revealed signs of meningitis and con- 
solidation of the apex of the left lung, with diffuse rales and impaired 
resonance throughout. There was a tuberculid rash on the skin. The Pirquet 
reaction was positive. A roentgenogram of the chest revealed diffuse pul- 
monary tuberculosis. The spinal fluid was under pressure and contained 46 
cells per cubic millimeter, all lymphocytes. The patient was taken home, 
April 9, 1922. The clinical diagnosis was: generalized miliary tuberculosis 
and tuberculous meningitis; type of organism, human. 

Case 7.—J. G., boy, aged 10 months, was admitted to the Infants’ Hospital, 
Jan. 5, 1922, with a history of cough and fever for three weeks. There was 
a definite history of exposure to tuberculosis for two months. Physical exam- 
ination revealed marked anemia and signs of consolidation in both lungs. The 
Pirquet reaction was positive. Pulmonary lesions finally involved both lungs 
to a marked degree. The child died, Jan. 31, 1922. Necropsy revealed tuber- 
culous bronchopneumonia and generalized miliary tuberculosis. The brain and 
meninges were negative. The human type of organism was recovered. 

Case 8.—A. A., boy, aged 10 months, was admitted to the Infants’ Hospital, 
May 7, 1922, with a history of vomiting for three days. The family history 
was negative, and there was no history of exposure to tuberculosis. The child 
was breast fed. Physical examination revealed irritability and marked loss 
of weight. Rales were heard throughout both lungs. Several scattered 
erythematous nodules were present on the skin, some of which showed break- 
ing down. An excised nodule showed tuberculosis of the skin, and tubercle 
bacilli were demonstrated in the tissue. The Pirquet reaction was positive. 
The roentgen ray revealed diffuse tuberculous involvement of both lungs. The 
spinal fluid contained 90 cells, the majority of which were mononuclears, 
positive albumin and globulin and acid-fast bacilli. The patient was taken 
home, May 9, 1922. The clinical diagnosis was generalized miliary tubercu- 
losis and tuberculous meningitis; type of organism, bovine. 

Case 9.—M. F., boy, aged 12 months, was admitted to the Infants’ Hospital, 
Feb. 21, 1922, with a history of cough, some fever, and loss of weight for 
three months previous to admission. One month before admission, he had an 
acute illness lasting ten days, which the physician had said was broncho- 
pneumonia. Since that time, loss of weight, fever and perspiration had been 
noted. He was breast fed for four months, then he was given a milk mixture. 
The family history was negative, and there was no history of exposure to 
tuberculosis. Physical examination revealed consolidation of almost the 
entire left lung. The roentgen ray revealed consolidation, not typically tuber- 
culous. The Pirquet reaction was positive. The patient died suddenly, March 
9, 1922. Necropsy revealed tuberculous bronchopneumonia and generalized 
miliary tuberculosis. An examination of the head was not permitted. The 
human type of organism was recovered. 

Case 10.—T. P., boy, aged 13 months, was admitted to the Infants’ Hos- 
pital, April 29, 1922, with a history of fever and cough, commencing three 
months previously, and recurrent fever ever since. Three days before admis- 
sion he became irritable, and jerky movements of the extremities developed. 
The family history was negative, and there was no history of exposure to 
tuberculosis. The child was breast fed for eight months, then put on a milk 
mixture. Physical examination revealed irritability and emaciation. The 
Pirquet reaction was positive. The spinal fluid contained 39 cells per cubic 
millimeter, mostly mononuclears and acid-fast bacilli. Tests for albumin and 
globulin were positive. The patient died, May 14, 1922. Necropsy revealed 
generalized miliary tuberculosis, including the heart and pancreas, and tuber- 
culous meningitis of alimentary origin. The bovine type of organism was 
recovered. 

Case 11—C., girl, aged 14 months, was admitted to the Infants’ Hospital, 
June 2, 1922, with a history of vomiting and listlessness for two months 
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previous to admission. The family history was negative, and there was no 
history of exposure to tuberculosis. She had beer fed cow’s milk occasionally 
since 1 year of age. Physical examination revealed marked prostration and 
drowsiness. The Pirquet reaction was questionable. The spinal fluid con- 
tained 87 cells per cubic millimeter, and large numbers of acid-fast bacilli. 
Tests for albumin and globulin were positive. Roentgenographic examination 
of the chest revealed miliary tubercles in the lungs. The child died, June 11, 
1922. Necropsy revealed generalized miliary tuberculosis and tuberculous 
meningitis, of respiratory origin. The human type of organism was recovered. 

Case 12.—J. T., boy, aged 16 months, was admitted to the Infants’ Hos- 
pital, March 22, 1922, with a history of cough and fever for three weeks 
previous to admission. He was breast fed for two months, then he was put 
on a milk mixture. The family history was.negative, and there was no history 
of exposure to tuberculosis. Physical examination revealed signs of diffuse 
bronchopneumonia. The Pirquet reaction was positive. Tubercle bacilli were 
found in the spinal fluid. The patient died, March 25, 1922. Necropsy revealed 
generalized miliary tuberculosis and tuberculous meningitis, of respiratory 
origin. The human type of organism was recovered. 

Case 13.—M. G., girl, aged 18 months, was admitted to the Infants’ Hos- 
pital, May 16, 1922. She had developed a cold and cough, ten weeks before 
admission. The cough had continued, with slight fever at times. Convulsions 
had occurred four days before admission, followed by drowsiness and rigidity. 
There was a history of loss of weight, poor appetite and profuse sweating. 
She had been in close contact with the father who had active pulmonary 
tuberculosis. Physical examination revealed areas of impaired resonance in 
the lungs and rales throughout. The Pirquet reaction was positive. The 
spinal fluid contained 260 cells, mostly mononuclears and acid-fast bacilli. 
Tests for albumin and globulin were positive. Acid-fast bacilli were found 
in the sputum. The patient died, May 18, 1922. Necropsy revealed generalized 
miliary tuberculosis and tuberculous meningitis, of respiratory origin. The 
human type of organism was recovered. 

Case 14.—C. L., boy, aged 18 months, was admitted to the Infants’ Hos- 
pital, April 15, 1922, with a history of gradual onset of sleepiness, irritability 
and vomiting, commencing ten days before admission. The family history 
was negative; but there was a definite history of the patient’s having visited 
a tuberculous family for long periods of time. The child was breast fed for 
three months. Physical examination revealed bronchial breathing over the 
left scapula, but no definite signs of meningitis. The Pirquet reaction was 
positive. The spinal fluid contained 127 cells per cubic millimeter, the 
majority of which were mononuclears, and acid-fast bacilli. The patient was 
taken home, April 28, 1922. He died two days later.. The clinical diagnosis 
was: generalized miliary tuberculosis and tuberculous meningitis; type of 
organism, human. 

Case 15.—J. C., boy, aged 2 years and 2 months, was admitted to the Chil- 
dren’s Hospital, Oct. 17, 1921. Ten days before admission he had become 
feverish and drowsy. Four days later he commenced to vomit. Two days 
before admission, he had a generalized convulsion. Irregular temperature, 
as high as 101 F., had been noted since the onset. The family history was 
negative, and there was no history of exposure to tuberculosis. Physical 
examination revealed definite signs of meningitis. The spinal fluid contained 
55 cells, 84 per cent. of which were mononuclears. The child died, Oct. 18, 
1921. Necropsy revealed generalized miliary tuberculosis and tuberculous 
meningitis, of alimentary origin. The bovine type of organism was recovered. 


Case 16.—F. G., boy, aged 2 years and 3 months, was admitted to the 
Children’s Hospital, March 20, 1922. He had been treated in the orthopedic 
service during the previous year for tuberculosis of the spine. One week 
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before admission, he commenced to vomit and continued to do so up to time 
of admission. The family history was negative, and there was no history of 
exposure to tuberculosis. Physical examination revealed definite meningeal 
signs and evidence of miliary tuberculosis. The spinal fluid was under pres- 
sure and contained 500 cells per cubic millimeter, the majority of which were 
mononuclears, and acid-fast bacilli. The child died, March 26, 1922. No 
necropsy was obtained. The clinical diagnosis was: generalized miliary 
tuberculosis and tuberculous meningitis; type of organism, human. 

CaseE 17.—R. G., boy, aged 2 years and 8 months, was admitted to the 
Children’s Hospital, March 13, 1922, with a history of diarrhea lasting for 
two weeks, five months previous to admission. Since that time, anorexia and 
marked loss of weight had been noted. The family history was negative, 
and there was no history of exposure to tuberculosis. Physical examination 
revealed the typical tuberculous habitus; signs of fluid in the flanks and 
a questionable mass in the right flank. Roentgenographic examination of the 
chest revealed miliary tubercles in the lungs. The Pirquet reaction was 
negative. The child died, March 19, 1922. Necropsy revealed generalized 
miliary tuberculosis of alimentary origin. An examination of the head was 
not permitted. The bovine type of organism was recovered. 

CasE 18—P. K., boy, aged 3 years and 2 months, was admitted to the 
Children’s Hospital, May 13, 1922, with a history of tonsillectomy in December, 
1921. Two weeks before admission he commenced to vomit. This was 
followed by a headache and drowsiness. The family history was negative, 
and there was no history of exposure to tuberculosis. Physical examination 
revealed stiffness of the neck and a positive Brudzinski sign. The spinal fluid 
was clear, under pressure, and contained 300 cells, all of which were mono- 
nuclears. Two days later, the child developed definite signs of meningitis. 
Tubercle bacilli were found in the spinal fluid. He died, May 9, 1922. 
Necropsy revealed generalized miliary tuberculosis and tuberculous meningitis, 
respiratory in orgin. The human type of organism was recovered. 

Case 19.—K. H., girl, aged 3 years and 2 months, was admitted to the 
Children’s Hospital, March 4, 1922. Two weeks before admission, she became 
feverish and lost her appetite. During the five days previous to admission she 
had severe headache, and the temperature ranged from 100 to 102 F. The 
family history was negative, and there was no history of exposure to tuber- 
culosis. The physical examination revealed stiffness of the neck. The Pirquet 
reaction was positive. Signs of meningitis gradually developed after 
admission. The spinal fluid contained 400 cells per cubic millimeter, all 
lymphocytes, and acid-fast bacilli. The child died, March 14, 1922. No 
necropsy was obtained. The clinical diagnosis was: tuberculous meningitis; 
tvpe of organism, human. 

Case 20.—A. R., boy, aged 3 years and 5 months, was admitted to the Chil- 
iren’s Hospital, March 2, 1922, with a history of sore throat, six weeks before 
admission, followed by swelling of the glands of the left side of the neck. The 
mother died when the patient was born, otherwise the family history was nega- 
tive. There was no history of exposure to tuberculosis. The glands, tonsils and 
adenoids were excised, March 3, 1922. The glands and both tonsils showed 
tuberculosis. He was discharged, March 12, 1922. The diagnosis was; tuber- 
culous adenitis and tuberculosis of the tonsils; type of organism, bovine. 

Case 21.—K. M., boy, aged 4 years and 4 months, was admitted to the 
Children’s Hospital, April 26, 1922, with a history of loss of weight, loss of 
appetite and night sweats during the six months previous to admission. Dur- 
ing the three weeks before admission he had heen coughing, and the tem- 
perature had varied between 99 and 100 per cent. The family history was 
negative, and there was no history of exposure to tuberculosis. Physical 
examination revealed presence of fluid in the left pleural cavity. The Pirquet 
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reaction was positive. Fluid was aspirated from the chest. The patient was 
discharged home improved, May 1, 1922. The clinical diagnosis was: pul- 
monary tuberculosis; type of organism, human. 

Case 22.—T. C., boy, aged 4 years and 5 months, was admitted to the Chil- 
dren’s Hospital, Feb. 23, 1922. He had had nasopharyngitis, bronchitis 
and digestive disturbances since birth. Six days before admission he became 
feverish and commenced passing bloody urine. The family history was 
negative, and there was no history of exposure to tuberculosis. Physical exam- 
ination revealed marked emaciation, enlarged tonsils, and enlarged cervical 
nodes on both sides. Two weeks after admission he had a convulsion lasting 
ior three hours. Two weeks after this, he became drowsy, and signs of menin- 
gitis developed. The Pirquet reaction was positive. The spinal fluid contained 
390 cells, chiefly mononuclears, and acid-fast bacilli. The patient was taken 
home, Feb. 29, 1922. The clinical diagnosis was: tuberculous meningitis ; 
type of organism, human. 

Case 23.—W. G., boy, aged 6 years, was admitted to the Children’s Hos- 
pital, April 24, 1922, with a history of limp, commencing eighteen months 
before admission. He was treated with a plaster cast and later an abduction 
splint. Six weeks before admission the hip began to swell. The family history 
was negative, and there was no history of exposure to tuberculosis. Physical 
examination revealed flexion and abduction of the left hip, and a large fluctu- 
ating swelling in the left upper thigh. The latter was incised and drained, April 
28. The clinical diagnosis was: tuberculosis of the hip joint; type of organism, 
bovine. 

Case 24.—E. W.., girl, aged 7 years, was readmitted to the Children’s Hos- 
pital, April 7, 1922, having been treated in this hospital, three years previously, 
for tuberculosis of the hip-joint. One week before admission, she began to 
have headache. During the four days previous to admission, she had vomited 
continuously. Marked irritability and slight rise of temperature had been 
noted. The family history was negative, and there was no history of exposure 
to tuberculosis. Physical examination revealed definite signs of meningitis 
and bilateral choked disks. The spinal fluid was clear, and under pressure. 
It contained 150 cells per cubic millimeter, and acid-fast bacilli. The patient 
died, April 14, 1922. No necropsy was obtained. The clinical diagnosis was: 
tuberculous meningitis; type of organism, human. 

Case 25.—A. V., boy, aged 8 years and 4 months, was admitted to the Chil- 
dren’s Hospital, Oct. 3, 1921, with a history of tonsillectomy, three weeks 
before admission, followed by general malaise and dull pain in the left side 
of the abdomen. A younger sister had been previously treated in this hospital 
for tuberculosis of the hip-joint. On examination under ether, a fairly large 
movable mass could be felt in the right lower abdomen. The Pirquet reaction 
was positive. Operation was performed, October 5, and the appendix and 
inflammatory tissue removed, the latter being diagnosed as tuberculosis. The 
patient was sent to a convalescent home. He was readmitted, March 5, 1922, 
and examination revealed a tense and distended abdomen, with signs of fluid in 
the flanks. March 20, 1922, signs of meningitis appeared. The patient died, 
March 31, 1922. No necropsy was obtained. The clinical diagnosis was: 
tuberculous meningitis and tuberculous peritonitis; type of organism, human. 


Case 26.—H. D., girl, aged 10 years and 2 months, was readmitted to the 
Children’s Hospital, Feb. 18, 1922. She had been treated in this hospital for 
tuberculosis of the hip-joint, off and on, during the previous five years. The 
younger brother died of tuberculous meningitis in this hospital. The hip-joint 
was aspirated, April 23, 1922. The clinical diagnosis was: tuberculosis of 
the hip-joint; type of organism, bovine. 

Cast 27—T. H., boy, aged 10 years and 4 months, was first admitted to 
the Children’s Hospital, April 12, 1921, with a history of limp, commencing in 
August, 1920, followed by pain in right hip-joint. An aunt and grandmother 
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had died of tuberculosis. The Pirquet reaction was positive. He was 
readmitted, April 14, 1922. A fluctuating abscess, pointing in the right femoral 
triangle was incised, May 3, 1922. The clinical diagnosis was: tuberculosis 
of the hip-joint; type of organism, human. 

Case 28.—A. G., boy, aged 11 years, was first admitted to the Children’s 
Hospital, March 23, 1920, with a history of frequency and bloody urination, for 
seven months, and loss of weight. The glands of the neck had been removed 
on three different occasions at other hospitals. The family history was nega- 
tive, and there was no history of exposure to tuberculosis. A catheterized 
specimen of urine from the left kidney showed acid-fast bacilli. Nephrectomy 
was performed, April 12, 1920. In January, 1922, frequency of urination com- 
menced again. Acid-fast bacilli were found in a catheterized specimen of 
urine. The clinical diagnosis was: tuberculosis of the kidney; type of 
organism, bovine. 

Case 29—M. G., girl, aged 11 years, was admitted to the Children’s Hos- 
pital, March 26, 1922, with enlarged glands on the left side of the neck. The 
family history was negative, and there was no history of exposure to tuber- 
culosis. The excised glands showed tuberculosis with caseation. The bovine 
type of organism was recovered. 

In addition to the foregoing series we have studied the following 
case from the Peter Bent Brigham Hospital, which is interesting 
because of its clinical history: 

Case 30.—P. M., boy, aged 14 months, was admitted to the Peter Bent 
Brigham Hospital, Nov. 2, 1921, with a history of gradual swelling of the 
glands of the neck on the left side for six months. The family history was 
negative, and there was no history of exposure to tuberculosis. The baby 
was breast fed for four months, then it was fed certified, not pasteurized, milk. 
The glands when excised showed tuberculosis. The bovine type of organism 
was recovered. 

COM MENT 

In the accompanying table, we have classified these thirty cases 
according to the method of Park and Krumwiede, which not only 
contributes toward uniformity but also affords a satisfactory method 
of grouping the cases in accordance with either the clinical or post- 
mortem diagnosis. Permission for necropsy in all of the fatal cases 
was not obtained, and they are classified according to the clinical 
diagnosis. Among these are the cases grouped under the heading 
“Tuberculous Meningitis.” On the other hand, in the event necropsy 
was not performed and the point of origin of the infection was in 
the alimentary tract, the cases are tabulated either under the heading 
“Generalized Tuberculosis, Alimentary Origin,” or “Generalized Tuber- 
culosis Including the Meninges, Alimentary Origin.” Those cases 
classified as “Generalized Tuberculosis” or “Generalized Tuberculosis 
Including the Meninges” are either grouped according to (1) clinical 
diagnosis; (2) pathologic diagnosis, when the point of origin was in 
the respiratory apparatus, or (3) pathologic diagnosis, when the 
point of origin was in the respiratory apparatus, but when permission 
to examine the head was not granted. 
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Tuirty Cases TABULATED ACCORDING TO THE MerHop oF ParK AND KRUMWIEDE 











Under Five Years | Under Twelve Years 
Classification — : —_ 
, Human Bovine Human | Bovine 


a rncccssvecsesanceeeskhenel | 





























1 = —_ 
Tuberculous adenitis, cervical......................206 | - 1 = 1 
Tuberculous adenitis, axillary or inguinal............ -- _— — _ 
SE ED vos. escteccdondtcseiecnscuaces | — _— — -_ 
Generalized tuberculosis, alimentary origin........... - 1 _— _— 
Generalized tuberculosis ...................ccececceees 2 —_ _ _ 
Generalized tuberculosis, including meninges, ali- 

NERS Ae conbbdcbecs cos tvivasce sKasscuses | - 2 1 _ 
Generalized tuberculosis, including meninges........ 11 1 _— _ 
po EE ee ee ee 3 _ 1 _ 
Tuberculosis of bones and joints..................... | —_ = 1 2 
Genito-urinary tuberculosis ...................eeeeeees — _ — 1 
Oe es is bo co coun kaceeusenvnseas oe | — — _ 
Tuberculosis of tomsils.................. BER INS PROPS | 1 _ _ 
Tuberculous sinus or abscess.............-..esesecece _ — — _ 
Tuberculous mouth and cervical nodes............... — _— _ 
ES EE ic ded catestiiccadvbenescdessinnes - -- — _ 

Tn. ceca iahishanneibakexkeetskad ebeel 17 6 3 4 
Percentage of bovine infection............... 25 52 





SUMMARY 


In a total of thirty cases of tuberculosis in children under the age 
of 12 years, the bovine organism was identified in ten instances, or in 
3344 per cent. Twenty-three of the total number of patients were 
less than 5 years of age. In six of these, the organism was of the 
bovine type (or 25 per cent.). The remaining seven patients were 
between the ages of 5 and 16 years, and of these there were four 
instances of bovine infection, or 52 per cent. From these figures, it 
can be seen that there was a greater actual incidence of bovine infec- 
tion in the children under 5 years of age, although the number of 
bovine cases in patients between the ages of 5 and 12 years was 
relatively greater. Moreover, in the infants under 1 year of age, the 
bovine organism was identified only in a single instance. 

Twenty-two of the total number of cases were known to be fatal. 
Of these, four, or less than 20 per cent., were of the bovine type. 
Permission for necropsy was obtained in twelve of the fatal cases. 
Of this number, the cases in which the point of origin of infection 
was found in the alimentary tract proved to be, without exception, 
bovine in type. Only one of the fatal cases (Case 25) would appear 
to be contradictory to this statement; but no necropsy was obtained 
to verify the origin of the infection. On the other hand, the human 
bacillus was recovered from all those cases in which the point of 
origin, at necropsy, was in the respiratory tract. From these facts, 
the conclusion is obvious. 

In five cases out of the total number, the history indicated that 
the children were exclusively breast fed. The reliability of this state- 
ment on the part of the parents may be regarded as doubtful, for 
although four of this number showed a human type of infection, the 
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bovine organism was recovered in one instance. Since in the latter 
case (Case 8), the patient was 10 months old, it would seem fairly 
reasonable to assume that, in addition to the breast, there had been 
supplementary feedings of cow’s milk, although this has been denied 
by the mother. In Case 30 there was a very definite and reliable 
history of the baby’s being fed exclusively with “certified,” not 
sterilized, milk, since weaning. This history was verified by tracing 
the source of the infection to the herd which supplied the milk. 

Seven cases of the total number gave a definite history of either 
familial tuberculosis or contact with tuberculous persons. Six of these 
proved to be infected with the human and one with the bovine organism. 
In the latter instance, the patient had been exposed to a younger 
brother who had previously died of generalized tuberculosis. 

In consideration of the fact that the foregoing figures apply to 
only thirty cases of tuberculosis in infancy and childhood, no general 
conclusions may be reached other than that, in the Boston district, the 
percentage of bovine tuberculosis would appear unnecessarily high.® 


8. A further study of this subject is being conducted in these laboratories. 
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CALCIUM ABSORPTION IN CHILDREN ON A 
DIET LOW IN FAT* 


L. EMMETT HOLT, M.D. ann HELEN L. FALES 


NEW YORK 


One of the conclusions reached as a result of the extensive study 
of calcium metabolism made in this laboratory + was that young chil- 
dren have the best absorption of calcium when their intake of fat 
is at least 3.0 gm. for each kilogram, and when the amount of calcium 
in the diet is in the proportion of 0.03 to 0.05 gm. of calcium oxid 
for each gram of fat. In a recent article on the fat requirement of 
children,?, we have referred again to the importance of this ratio 
between the fat intake and the calcium metabolism. In an attempt to 
establish definitely the relation of the fat intake to the calcium absorp- 
tion, we have recently carried out a series of metabolism experiments 
on normal children. 

Seven healthy children, between 2 and 6 years of age, were observed. 
The calcium metabolism was determined while they were taking a 
modification of the usual house diet of the hospital, consisting of whole 
milk, cereal, bread with butter, meat or eggs, fresh vegetables, potato 
or rice and stewed fruit. After this preliminary observation, the fat 
was eliminated as far as practicable from the diet, the loss in calories 
being made up by an increase in carbohydrate. The total calories, the. 
protein intake and the calcium intake were kept at about the same 
figure as in the preliminary period. This was accomplished mainly by 
substituting fat free milk for whole milk, increasing the bread, cereal 
and fruit, and adding cane sugar. These changes made it possible to 
give in place of a diet containing from 30 to 60 gm. of fat, one con- 
taining not more than from 5 to 8 gm. of fat daily, that amount being 
a component part of the bread, cereal, vegetables, etc. It is almost 
impossible to eliminate this small quantity of fat. After the children 
had been given this diet a week or more, the calcium metabolism was 
again determined. In two cases, it was possible to keep the child on 
the diet low in fat for several weeks and then to make another met- 


* Received for publication, Jan. 18, 1923. 

* From the Laboratories of the Rockefeller Institute for Medical Research 
and the Babies’ Hospital. 

1. Holt, L. E.; Courtney, A. M., and Fales, H. L.: Calcium Metabolism of 
Infants and Young Children, and the Relation of Calcium to Fat Excretion 
in the Stools, Am. J. Dis. Child. 19:201 (March) 1920. 

2. Holt, L. E., and Fales, H. L.: The Food Requirements of Children: 
III. The Fat Requirement, Am. J. Dis. Child. 23:471 (June) 1922. 
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abolism observation. With four of the children, the usual amount 
of fat was afterward restored to the diet, and an additional control 
period studied. 

The dietary changes made in these experiments are listed in 
Tables 1, 2, 3 and 4, which give the details of the diet of two of the 
children, both when they were taking the usual diet and when they 
were taking the low fat diet. The procedure used in these two cases 
was followed in the others, the only variations being in amounts. The 
diet in Cases 1 and 3 was like that in Case 2, that in Cases 4, 5 and 
7, like that of Case 6. 

The diet low in fat was undoubtedly also low in vitamin A, but in 
no case was the period during which this diet was taken long enough 
to cause the development of the symptoms usually accompanying a 
deficiency of vitamin A. The clinical effect of the reduced fat diet 
upon digestion was closely observed, and the influence upon the calcium 





TABLE 1.—DietTary CHANGES IN CASE 2, PeERiop 1 











Hour Typical Mixed Diet 

6 a.m. 8 oz. whole milk 

10 a.m. 6 oz. cereal, 2 slices bread, with 2 level tsp. butter, 8 oz. milk 

2 p.m. 1 egg or 1 oz. scraped beef, 4 oz. potato or rice, 2 oz. vegetable (spinach, carrots 
or string beans), 4 oz. prunes or apple sauce, 2 slices bread with 2% tsp. butter, 
8 oz. milk 

6 p.m. 4 oz. cereal, 2 slices bread with 2 tsp. butter 








Total calories, 1,980; calories per kilogram, 113; distribution of calories: fat, 31 per cent.; 
carbohydrate, 54 per cent., and protein, 15 per cent.; fat intake 65 gm., per kilogram 3.8; 
carbohydrate intake 254 gm., 14.8 per kilogram; protein intake 70 gm., 4.1 per kilogram 





metabolism was studied quantitatively. In some cases, the fat met- 
abolism was also studied. In all instances, the metabolism period was 
of four days’ duration. 

REPORT OF CASES 


Case 1—Greatly reduced calcium absorption on low fat diet; absorption 
normal when fat was restored to the diet. H. M., boy, aged 5 years, 6 months, 
whose digestion was normal, had been operated on two months previously for 
a brain cyst. Convalescence had been good. At the time of observation he 
was improving steadily and walking freely about the ward. He ate slowly but 
took all his food if given time. He was under observation for seventy-one 
days. During this period his weight fluctuated between 18.14 and 18.85 kilo- 
grams. There was a slow, but fairly steady, gain during the first six weeks, 
and after that a narrow fluctuation with slight decline. During a period of 
twenty-four days on the low fat diet the net weight change was from 18.1 to 18.4 
kilograms, with a maximum of 18.5 four days before this diet was discon- 
tinued. At the beginning of the observation the child, then taking the usual 
mixed diet, was quite constipated, daily enemas being necessary to obtain any 
movement of the bowels. The stools were well digested and smooth, alkaline 
and not excessively hard. It seems probable that the constipation was mainly 
due to the lack of muscular activity. ‘ 

The findings of a four-day preliminary metabolism period were obtained 
on a usual mixed diet (Table 5). The calcium metabolism was normal; that 











TABLE 2.—Dierary CHANGES IN CASE 2, PeErRiop 2 











Hour Typical Low Fat Diet 

6a.m. | 8 oz. fat free milk 

10 a.m. 8 oz. cereal with 4 tsp. sugar, 2% slices bread, 8 oz. fat free milk 

2 p.m. 4 oz. potato, 2 oz. vegetable, 4 oz. rice with 2 tsp. sugar, 4 oz. prunes or apple 
sauce, 2 slices bread, 8 oz. fat free milk 

6 a.m. 8 oz. cereal with 4 tsp. sugar, 2% slices of bread, 8 oz. fat free milk 





Total] calories, 1,916; calories per kilogram, 104; distribution of calories: fat, 3 per cent.; 
carbohydrate, 81 per cent., and protein, 16 per cent.; fat intake 7 gm., 0.4 per kilogram; 
carbohydrate intake 378 gm., 20.6 per kilogram; protein intake 73 gm., 4.0 per kilogram 








TABLE 3.—Dretary CHANGES IN CASE 6, PErRiop 1 











Hour . Typical Mixed Diet 

6 a.m. 8 oz. milk 

10 a.m. 4 oz. cereal with 1 tsp. sugar, 144 slices bread with 14% tsp. butter, 8 oz. milk 

2 p.m. 1 egg or 2 oz. scraped beef, 4 oz. potato or rice with 2 oz. milk, 2 oz. vegetable 


(spinach, carrots or string beans), 4 oz. apple sauce or prunes, 1 slice bread, 
1 tsp. butter, 6 oz. milk 
6 p.m. 4 oz. cereal with 1 tsp. sugar, 1% slices bread with 1% tsp. butter, 8 oz. milk 





Total calories, 1,685; calories per kilogram, 95; distribution of calories: fat, 34 per cent.; 
carbohydrate, 50 per cent., and protein, 16 per cent.; fat intake 61 gm., per kilogram 3.6; 
carbohydrate intake 198 gm., per kilogram 11.5; protein intake 68 gm., per kilogram 3.7 





TABLE 4.—Drerary CHANGES IN CASE 6, PERIop 2 

















Hour Typical Low Fat Diet 

6 a.m. 8 oz. fat free milk 

10 a.m. 6 oz. cereal with 2 tsp. sugar and 2 oz. fat free milk, 2 slices bread with 2 tsp. 
jam or jelly, 6 oz. fat free milk 

12 m. 3 oz. orange juice 

2 p.m. 2 oz. chicken (white meat) or 1 oz. very lean beef, 4 oz. potato with 1 oz. fat 


free milk, 2 oz. vegetable, 2 oz. rice with 1 tsp. sugar and 1 oz. fat free milk, 
4 oz. prunes or apple sauce 
4 p.m. 1 slice bread with 1 tsp. jam or jelly, 6 oz. fat free milk 
6 p.m. 6 oz. cereal with 2 tsp. of sugar and 2 oz. fat free milk, 2 slices of bread with 
2 tsp. jam, 6 oz. fat free milk 








Total calories, 1,554; calories per kilogram, 80; distribution of calories: fat, 5 per cent.; 
carbohydrate, 77 per cent., and protein, 18 per cent.; fat intake 8.0 gm., 0.5 per kilogram; 
carbohydrate intake 292 gm., 16.8 per kilogram; protein intake 69 gm., 4.0 per kilogram 

















TABLE 5.—Catctum METABOLISM IN CASE 1 
— 
Period I Period 2 Period 3 Period 4 
DG. ahi cctelpiews sivdebeteeranes Regular Low fat Low fat Regular 
mixed mixed 
Length of time on diet............ 5 days 11 days 24 days 19 days 
Weight change during period...... +0.5 kg. +0.27 kg. —0.06 kg. +0.06 kg. 
Fat intake, gm. daily.............. 38.0 5.0 5.0 50.0 
Caleium oxid intake, gm. daily..| 1.86 1.89 1.89 1.67 
Caleium oxid per gm. fat.......... 0.049 0.380 } 0.380 0.083 
Description of stool................ | Constipated, | Normal, then Acid, foul, Normal 
enema neces- | acidand not showing much 
sary well digested fermentation 
Total solids of stool, gm. Golly...} 16.8 24.4 34.8 21.0 
Total ash in stools................ 3.30 4.50 6.44 3.59 
Calcium oxid per cent. of solids 
DARI 6 isihestiskeed st ondwsascek se 7.99 7.42 6.48 6.82 
Caleium oxid excretion in feces, 
EN anid Us die base ndeeetbes 1.34 1.81 | 2.22 1.43 
Caleium oxid absorption, gm. | 
Me Ee 0.51 0.09 | — 0.33 0.24 
Caleium oxid absorption per cent. 
of caleium oxid intake........... 27.5 4.8 } 0 14.3 
Calcium oxid in urine, gm. daily.. 0.092 | _ 
Calcium oxid retention, gm. daily _ _- —0).422 _ 
Caleium oxid retention per cent. | 
of calcium oxid intake.......... — 0 _ 
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is, the absorption, 0.51 gm. daily, 0.028 for each kilogram, was very close to 
the average which we have found for healthy children of this age. The fat 
absorption, shown in Table 6, was normal, and the fat excretion in the stool 
about the usual amount, and in the usual distribution, as soap, free fatty acids 
and neutral fat. The fat intake was below that which we have considered 
desirable. 

Most of the fat of the diet was then replaced by carbohydrate, the total 
daily amount of fat being reduced from 38 to 5 gm. The protein, calcium 
oxid and total calories remained practically the same as in the preceding 
period. The child took this food well. Coincident with the change in food 
a regular bowel habit was established, and the child had one stool a day 
without enema throughout the remainder of the period of observation. This 
change, however, could not be ascribed solely to the dietary change. The 
child was becoming increasingly active, had special care, and an effort was 
being made to train him to have a bowel movement every day. On this diet, 
however, the character of the stools gradually changed markedly. After about 
a week on the low fat diet the stools became large, mushy, acid and showed 
signs of fermentation. After three weeks the stools were very foul, and the 
acidity and evidences of fermentation were much more marked. 

The calcium and fat metabolism were determined after one week and again 
after three weeks on the low fat diet. The findings of these periods are also 








TABLE 6.—Fat METABOLISM IN CASE 1 


Period 1 Period 2 Period 3 Period 4 











Pk MOONE. vctevedescusaarsaransens 38.0 5.0 5.0 50.0 
Total fat in feees, gm. daily..... 1.33 1.11 0.98 1.7) 
Fat, per cent. of total solids..... 7.98 4.55 2.85 8.5 
Soap, per cent. of total fat...... 42.0 39.0 23.0 36.0 
Free fatty acids, per cent. of 

MEE oo uueveuiondiasscn hans 31.0 34.0 39.0 27.0 
Neutral fat, per cent. of total fat 27.0 27.0 38.0 87.0 
Fat absorption, gm. daily......... 36.67 3.89 4.02 48.2 
Fat absorption, per cent. of in- 

WU 6c) ccuszesasdavecsuersaudeeues 96.7 77.8 80.4 96.5 


shown in Tables 5 and 6. It is seen that after one week upon the low fat diet 
the total daily amount of solids in the stool had increased from 16.8 to 24.4 
gm. and that the calcium oxid excretion had increased from 1.34 to 1.81 
gm., causing the absorption to drop to 0.09 gm. or 0.005 for each kilogram. 
This absorption is insufficient to compensate for the normal loss which occurs 
in the urine (nearly 0.1 gm. daily). The daily fat excretion was 1.11 gm., 
giving an absorption of only 3.89 gm. of fat or 77.8 per cent. of the intake. 
The distribution of the fat in the stool was about normal. The decrease in 
the percentage absorption of fat when the intake was lowered confirms our 
previous observation that the excretion of fat tends to remain constant, and 
when the intake is low the percentage absorption is not so good as with a 
higher intake. 

At the time of the second metabolism period on low fat diet the solids of 
the stools had more than doubled, averaging 34.3 gm. daily. The calcium 
excretion increased to 2.22 gm. daily—more than the intake—giving a negative 
balance of more than 0.1 gm. The daily calcium oxid excretion in the urine 
was 0.092 gm. Accordingly, the child had at this time a negative balance of cal- 
cium oxid of 0.422 gm. daily. The fat metabolism was similar to that in the 
preceding period. 

The child was then put on the usual house diet, receiving 50 gm. of fat 
daily. After nineteen days, the metabolism of fat and calcium was again 
determined. The findings are included in Tables 5 and 6. The solids of the 
stool were 21.1 gm. daily, about the normal amount for a child of that age. 
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The calcium excretion was only 1.43 gm., giving an absorption of 0.25 gm. daily. 
The fat absorption was normal, 48.2 gm., that is, 96.5 per cent. of the intake. 

This child had normal absorption of calcium oxid on a diet containing 
the usual amount of fat, the stools being normal. After the fat had been 
replaced by carbohydrate for one week, the stools became acid and showed 
excessive fermentation; the total solids were markedly increased; the calcium 
absorption dropped to a very low point. An additional two weeks on this 
diet emphasized the metabolism changes. The stools were much more acid 
and fermented, and the calcium absorption was negative. After the usual 
amount of fat had been restored to the diet, the metabolism of calcium oxid 
again became normal. 


Case 2.—Greatly reduced calcium absorption on low fat diet, causing a 
negative balance. G. L., a boy, aged 5 years, 10 months, was rather delicate 
and neurotic. The tonsils and adenoids had been removed at the hospital 


TABLE 7.—Catcium METABOLISM IN CASE 2 


















| 
Period 1 Period 2 
ik cir hs atic tine Rakin bid cana idlbiein onsen xeaneeuewesvevoud Regular mixed | Low fat 
Length of time on diet............. 8 days 11 days 
Weight change during period.. , +0.26 kg. +0.10 kg. 
Fat intake, gm. daily.......... 65.0 7.0 
Calcium oxid intake, gm. daily. 1.9% 1.95 
Calcium oxid per gm. fat......... 0.030 0.280 
IE Mn crwcnescannausesncdmetenecwanss Part normal, Acid, much fer- 
part soft mentation, undi- 
and acid gested food 
residue 
Total solids of feces, gm. daily...................eeceeeee 19.5 21.1 
errr 8.60 4.57 
Calcium oxid per cent. of solids of feces.................. | 7.19 9.10 
Calcium oxid excretion of feces, gm. daily............... 1.40 1.92 
Ce I I, 5 on 5555s phe ensot chin senenenee 0.58 0.08 
Calcium oxid absorption per cent. of calcium oxid intake 27.5 1.54 





TABLE 8.—Fat MEeEtTABoLismM 1N CASE 2 











| Period 1 Period 2 
EE nie icehGe kedawcabackbivesee’ képasnwiswneieeskeos 65.0 7.0 
NE TE is once tivdes9oteeesceuceve censaueeedteyess 3.88 2.22 
Bras. OE BO, DE SOOM GOI. csc cece ccccsceccevecessccces 19.67 10.50 
ME I on on svc 0n0s tesa caneensouecewel 40.3 42.3 
Free fatty acids, per cent. of total fat................... 32.4 25.1 
Weweres TAS, POF GUNG. OF GOGRI ENE... co csccccccccccvescccess 27.3 $2.7 
WS GOTIIOE, TIERS GATE. 5 ooc oc cccccccccesccccccecs voeee| 61.2 4.79 


Pat GDSOTHCION, HOF CORE. OL IMEEM. .......0.cccvccvecccceces | 94.3 | 68.4 





one week before the observation period. The child was under observation 
nineteen days, during which time there was a steady gain in weight from 16.7 
to 18.1 kilograms. The child took eagerly all food offered and would have 
eaten more, although he was receiving 113 calories for each kilogram of body 
weight, which seemed generous for a child with the limited activity of a 
hospital patient. The bowel habit was regular, consisting of one or two stools 
daily. When on the usual diet the stools were formed, smooth and well 
digested. After twelve days on a low fat diet the stools became foul and acid 
and showed signs of excessive fermentation and much undigested food. The 
findings of the first metabolism period on the usual diet are shown in Tables 
7 and 8. The absorption of calcium oxid and fat was excellent, the values 
being about normal. It is interesting to note that this child was receiving 
65 gm. of fat daily and absorbing 94.3 per cent. of it. 

After nine days on a diet low in fat, but having the same caloric value and 
with the same protein and calcium oxid intake, another metabolism deter- 
mination was made (Tables 7 and 8). The total solids of the stool had 
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increased slightly, from 19.5 to 21.1 gm. daily. The calcium oxid excretion 
had increased from 1.4 to 1.92 gm., changing the absorption from 0.53 gm. 
daily to 0.03 gm. daily, which is less than the normal urinary excretion, that 
is, a negative balance was produced. 

Case 3.—Calcium absorption apparently not influenced by a reduction of 
fat in the diet. S. S., girl, aged 2 years, 9 months, normal, but not robust, 
was under observation for forty-five days. There was a steady gain in weight 
for twenty-eight days, then fluctuation without net loss for the remainder of 
the period of observation. The bowel habit was regular, but the stools were 
not often normal, being usually acid and showing excessive fermentation. 
This condition was much more marked when the child was put on a low fat 
The stools became very acid and loose and contained much undigested 

















diet. 
food. During the time on the low fat diet the child vomited on three different 
days. 
TABLE 9.—Catctum METABOLISM IN CASE 3 
Period 1 Period 2 

RT TR Te oe AR Ae eRe NE ke Pee Peo ee fe a Regular mixed Low fat 
is i i CE Ms oo a: oc anacseendesawweateoess srawes 14 days 17 days 
WSs GIANEO GUTINE POTION... ....00sccecconcecccccasevcese +0.07 kg +0.07 kg. 
ee See eee 49.0 5.0 
OMI GRIG MICGRG, OO. GOUY. 2.0 cccsisccrccccsccccese 1.65 1.65 

0.034 0.330 


OD SO 8 otc peel bbudauee cseesecunmepe 





Description of stools................ 


Part normal, 
part acid and 


Fermentation 
marked, acid 




















undigested undigested 
py ee ee ee 14.8 17.8 
Ss ee OE Rs I ive n.k pan So-vececasdepecnscoes Si 3.7 
Calcium oxid per cent. of solids of feces................. 7.54 5.59 
Caleium oxid excretion in feces, gm. daily................ 1.11 0.99 
Calcium oxid absorption, gm. daily................cceceee 0.55 0.66 
Calcium oxid absorption, per cent. of caleium oxid intake | $3.2 40.0 

TABLE 10.—Fat Meraspo_ism 1N Case 3 

Period 1 Period 2 
(eee 49.0 5.0 
Total fat in feces 1.74 0.98 
GE, DEE GUE, OE BOGE BONG... occscsccccccrecesecccsesnves 11.8 5.5 
ee ee ES eee ee 9.6 31.9 
Free fatty acid, per cent. of total fat.................... 42.3 31.5 
Tee BE, DOP GHGs GE BORE TAG ii. once co cencispevevcesss * 48.1 36.6 
BE I, I) CII ios cian scciscecstccetyescccencess 47.3 4.0 
96.5 80.4 


Pat ADSOTHCION PEF CONE. OF THCORS. 20.00.0sccccecevcecccccece 





Two metabolism periods were obtained, the findings of which are given in 
Tables 9 and 10. The fat and calcium absorption was excellent. The abnor- 
mal appearance of the stools was substantiated by the fat analysis. The 
proportion of soap was very much lower than is usual in normal stools, and 
the proportion of both free fatty acids and soap, very much higher than is 
normal. We have always found that such a distribution of the fat of the 
stool is an indication of a slight or impending digestive disturbance. With 
this child the calcium absorption was good, in fact a little better, on the low 
fat diet than on the usual diet. Although the total solids and also the total 
ash of the stool were increased, the calcium oxid excretion was less than 
on the usual diet. As the child was then removed from the hospital, further 
observations were not possible. 


Case 4.—Calcium absorption apparently not influenced by a reduction of 
fat in the diet. N. R., girl, aged 5 years, 6 months, was normal but rather 


delicate, being subject to minor digestive disturbances, particularly vomiting 
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attacks. The tonsils were much enlarged. This child was under observation 
for thirty-six days. During the first seventeen days, while she was taking the 
usual diet, there was a steady gain in weight, the increase in that time being 
from 18.1 to 18.7 kilograms. During this time the first metabolism period was 
obtained. On the seventeenth day of observation the child had a digestive 
upset, vomited several times and refused much of her food. This condition 
persisted about three days. She was, nevertheless, put upon the low fat diet 
and took all the food well, although she vomited once on the second day. 
During the time on low fat diet there was fluctuation in weight, with a net 
loss of 100 gm. The child took all the food except during the digestive dis- 
turbance mentioned. She was receiving 1,662 calories daily, 103 for each 
kilogram. The bowel habit was regular throughout the entire time of observa- 
tion, the child having one or two bowel movements daily. The stools were 
never entirely normal. They were rather undigested, showed signs of fermen- 
tation and were frequently acid. This characteristic was more marked on the 
low fat diet, the stools being then very acid and foul and showing marked 
fermentation. 


TABLE 11.—Catctum MertTABoLism IN CASE 4 















| Period 1 Period 2 
list oncedanabsdiddnteseoiaesnsakeneccseccnbionsebetessee Regular mixed Low fat 
en noop Sa Shudbsdbs<osciseneeseneses 10 days 13 days 
Weight change during period...........ccccsccccsccccccccces +0.28 kg. —0.015 kg. 
I iy Mins 555400 0000n0sad0soasscescrecnecdvese 64.0 8.0 
Calcium oxid intake, gm, dally... .........cccocccesseccece 1.895 1.875 
ee ee oe od cha iedswenennsecabeesssvers | 0.080 0.234 
EE ee Ns nidibii dns. cobsdaccccndctesesiaabeksncde Part normal, Marked fer- 

| part mushy, mentation, 

fermentation mushy, acid, 

marked, acid very foul 
a6 ee Cees OE BN, GIR: GOT oo ccciiccoscccscccccveceece 23.78 27.00 
Tbe BOR GE BI, Bs GO noo vcesisiccccucccecesccss nee 4.65 4.32 
Calcium oxid per cent. of solids of feces. ‘“ 6.54 5.19 
Calcium oxid excretion in feces, gm. daily << ; 1.550 1.401 
Caleium oxid absorption, gm. daily..................++.. 0.345 0.474 
Calcium oxid absorption, per cent. of calcium oxid 

a al el I i re cian eGo SORE SRC RON LEONE 18.2 25.2 

Oaleium oxid in urine, gm. daily................cseeeeees 0.152 0.058 
Calsium oxida retemtio®, GM. Gally..........cccccscccscscces 0.193 0.416 
Calcium oxid retention, per cent. of calcium oxid intake 10.2 22.2 





The findings of the metabolism determination on regular diet are shown 
in Table 11. The calcium absorption was good. The amount of solids in 
the stool was more than is normal for a child of this age. The findings for 
the observations on a low fat diet are also shown in Table 11. The solids 
were somewhat increased; but the calcium excretion, both in the stools and 
in the urine, was less than in the preceding period. Consequently, the child 
showed a much better calcium oxid retention in the low fat period. The 
child went home before further study was possible. 

Case 5.—Negative calcium balance on the low fat diet; normal absorption 
when fat was restored to the diet. M. B., girl, aged 5 years and 7 months, was 
a large well-nourished child with normal nutrition. The Pirquet reaction was 
positive, but there was no clinical evidence of tuberculosis. She was under 
observation for fifty-six days. During this time, she gained weight steadily, 
the weight increasing from 19.9 to 21.3 kilograms. The weight gain was 
equally good on the regular diet and on the low fat diet, which was taken 
for twenty-eight days. The child was receiving about 82 calories for each 
kilogram of body weight. The appetite was always good, and the bowel habit 
was regular. The stools were normal, smooth and well digested on the usual 
diet; on the low fat diet they were usually mushy, acid and contained 
undigested food, though occasionally they were quite normal. 
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The findings for the metabolism periods are shown in Table 12. The 
calcium absorption on the regular diet was excellent. The total solids of 
the stools were increased, and the calcium oxid excretion in the stool was 
greatly increased, giving a negative balance of calcium oxid. The find- 
ings of a second observation on a low fat diet are shown in Table 12. 
During this period the amount of solids of the stools was not so _ high, 
about that of the first period, but the calcium oxid excretion was much 
higher than in the control period, producing a low absorption and retention, 
although better than in the preceding period on the low fat diet. The child 
was put again on the usual diet, and another observation was made, the 
findings of which are also shown in Table 12. The solids had dropped 
to a much lower figure; the calcium oxid excretion was low, and the calcium 
oxid absorption excellent. , 

Case 6.—Greatly reduced calcium absorption on low fat diet, becoming 
normal when fat was restored to the diet. G. S., boy, aged 6 years, was 
undernourished and rather delicate. The cervical glands and tonsils were 


TABLE 12.—Catcium METABOLISM IN CASE 5 








Period1 | Period2 | Period 3 Period 4 





DE ae terenii nc tadeeecieuncmeayes Regular Low fat Low fat Regular 
mixed | mixed 
Length of time on diet............ 14 days 22 days 27 days 16 days 
Weight change during period..... +0.2 kg. | +0.05 kg. | +0.025 kg. +0.085 kg. 
Fat intake, gm. daily............. 64.0 | 8.0 8.0 64.0 
Calcium oxid intake, gm. daily.... 1.895 1.875 1.875 1.895 
Calcium oxid per gm. fat.......... 0.080 | 0.234 = | 0.234 0.030 
Description of stools............... Normal, Part normal, | Part normal, Normal 
smooth, well | mostly mushy,; mostly mushy, 
digested, fermentation | fermentation 
alkaline | marked | marked 

Total solids of feces, gm. daily 17.7 | 23.2 17.1 13.9 
Total ash of feces, gm. daily...... 3.60 5.36 4.38 2.84 
Calcium oxid per cent of solids of | 

BE ena cede Rand deter aeenray ss oe 8.42 } 9.42 10.14 8.01 
Calcium oxid excretion in feces, 

PSE « ti, keh anak hehe enseee.o« 1.490 1.995 1.735 1.110 
Calcium oxid absorption, gm. 

ME akcigvase sages Guseiewdinesx 0.405 —0.120 0.140 0.765 
Calcium oxid absorption, per cent. | 

of calcium oxid intake.......... 21.4 0 7.5 40.8 
Calcium oxid in urine, gm. Caily.. 0.054 — 0.081 ans 
Calcium oxid retention, gm. daily 0.351 -- 0.109 _ 
Calcium oxid retention, per cent. 

of caleium oxid intake.......... 18.5 5.8 — 








markedly enlarged. Before admission the child had been fed very badly, 
receiving a great deal of candy, pastry and bread, and very little milk or 
meat. The child was under observation thirty-six days, during which time 
the general condition improved steadily with continuous gain in weight 
from 16.3 to 17.4 kilograms. He took about 95 calories per kilogram. The 
appetite was excellent and the bowel habit regular. The stools on the 
usual diet were smooth, well digested, occasionally mushy and showed some 
signs of fermentation. On the low-fat diet they were acid, foul and showed 
excessive fermentation. After the observation was completed, the child’s 
tonsils and adenoids were removed, and nine days later another metabolism 
observation was made, the usual diet being taken. The stools at this time 
were normal. The findings for this child are shown in Table 13. The cal- 
cium oxid absorption was excellent on the usual diet. On the low fat 
diet the solids of the stool were increased somewhat; the calcium oxid 
excretion was increased, and the retention lowered to about one fourth of 
that in the preceding period. The results of the period after tonsillectomy 
show a low total solid content in the stool, a very low calcium oxid excretion 
and a high calcium absorption. 
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Case 7.—Greatly reduced calcium absorption on low-fat diet, becoming 
normal when the fat was restored. J. K., boy, aged 2 years and 6 months, a nor- 
mal child, fat and well nourished, was under observation for forty-seven days. 
The weight gain was continuous from 13.0 to 14.3 kilograms. The bowel 
habit was regular, and on the regular diet the stools were perfectly normal. 
On the low fat diet, the stools were soft and well digested, but foul and of 


TABLE 13.—Catcitum METABOLISM IN CASE 6 






































Period 1 Period 2 | Period 3 * 
PE Ap teh weanisbaiesntuaied tw abetateaiencpanaaeae Regular Low fat Regular 
mixed | mixed 
I eS I Me io ctccccccecesvisscosuwes 18 days 17 days 9 days 
Weight change during period...................... “= kg. 0.055 kg. 0 
ee on cawvcinendcccscvecesb 61.0 8.0 64.0 
Caleium oxid intake, gm. daily................... 180 1.875 1.895 
Ce ous nwweneccecesinese 0.081 0.284 0.080 
BN OE Cs rnciin inn dc cescssesetvess Normal | — poe. | Normal 
ou 
Total solids of feces, gm. daily................... 15.60 18.45 9.57 
Total ash of feces, gm. daily................-.006 3.19 3.90 1.80 
Oalcium oxid per cent. of solids of feces......... 8.58 9.00 7.98 
Calcium oxid excretion in feces, gm. daily........ 1.34 | 1.66 0.76 
Calcium oxid absorption, gm. daily.............. 0.555 } 0.215 1.129 
Calcium oxid absorption, per cent. of calcium 
I Ga EEE ncaa incéddaw aenneen 29.3 11.5 50.5 
Calcium oxid in urine, gm. daily....... ie 0.083 0.079 —_ 
Caleium oxid retention, gm. daily 0.472 0.136 _ 
Calcium oxid retention, per cent. of calcium oxid 
SEE cdeen bradddas ce eters eetaléatesetee Hee 24.9 7.3 _ 
* After tonsillectomy. 
TABLE 14.—Catctum METABOLISM IN CASE 7 
Period 1 | Period 2 Period 3 
PE ckeggtiicekucolanaubapyehathorbebeveussitemessie Regular | Low fat Regular 
mixed mixed 
I ee cla cncksveneccentere 16 days 15 days 14 days 
Weight change during period.............. .| +0.%5kg. | +0.02 kg. —0.085 kg. 
I ME IE ac ccawenscascesencesscuse xa 64.0 8.0 64.0 
Caleium oxid intake, gm. daily 1.896 1.875 1.895 
oe eg a eee 0.080 } 0.234 0.30 
NS TE ian pb8.060.5055cncsnesncssencd Ideally nor- | Smooth, well Normal, but 
mal, smooth | digested but | still putty-like 


well digested, | with peculiar | 
soft, formed, | putty-like con-| 
alkaline ee very | 





oul 

Total solids of feces, gm. daily...............0-. | 13.24 12.15 | 9.45 
Total ash of feces, gm. daily................e0.00- 2.63 3.20 2.2 
Calcium oxid per cent. of solids of feces......... | 7.89 10.59 7.82 
Caleium oxid excretion in feces, gm. daily........ 1.088 1.290 0.740 
Calcium oxid absorption, gm. daily.............. 0.767 0.585 1.131 
Calcium oxid absorption per cent. of calcium | 

CE ME tes ackaeaas ol etuchesenese se enbeetese 40.5 31.6 60.4 
Calcium oxid in urine, gm. daily........... - 0.054 0.102 — 
Calcium oxid retention, gm. daily -| 0.713 0.483 _ 
Caleium oxid retention, per cent. of calcium oxid 

INEMME nc ccccccvccsevccsccussscccsocsesccevecscese | 37.6 } 25.7 _ 





a peculiar putty-like consistency. The metabolism findings are shown in 
Table 14. The calcium oxid absorption on the regular diet was excellent. 
On the low fat diet the calcium excretion in the stools was raised consider- 
ably, giving a lowered absorption of calcium oxid, and the excretion in the 
urine was also markedly increased, so that the retention was considerably 
less than on the usual diet, although still fairly good. After the regular diet 
was again given, observation was made for another period. The calcium 
excretion was very low, giving an excellent absorption of calcium oxid. 











256 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


SUMMARY 


1. A marked reduction of fat in the diet of the children studied 
uniformly changed the character of their stools from smooth, normal, 
alkaline and well digested, to acid and foul, with an excess of fer- 
mentation and undigested food residues. Whether this change was 
due to the reduction of the fat or the increase of carbohydrate, or to 
both factors, it is impossible to say definitely. 

2. In five of the seven cases the calcium absorption was markedly 
reduced when the low fat diet was taken, in three cases a negative 
balance being produced. In the other two cases, the stools were never 
entirely normal, even during the control period, and the absorption 
was not lower on the low fat diet than it was on the control diet. These 
two children were very much alike so far as digestion and general 
symptoms were concerned.’ The chemical findings in the two cases 
were almost identical. It is impossible to offer any explanation of the 
differences between the results in these two cases and those obtained 
in the other five. 

3. The increase of calcium oxid excretion was, in most instances, 
due partly to the fact that on the low. fat diet the daily amount 
of total solids in the stool was markedly increased, and partly 
to the fact that the calcium oxid percentage of total solids of 
the stool was higher. In all but one case the total solids of the stool 
were increased on a low fat diet. In four cases the calcium oxid 
percentage of solids was increased. In‘all cases except one the total 
ash in the stool was higher on the low fat diet. 

4. Although the results of these observations are not entirely uni- 
form, the indications are that a low fat diet greatly diminishes calcium 
oxid absorption. Whether the absorption of calcium oxid is 
dependent on a definite relation between the fat and calcium in the 
diet, or whether the fat intake influences the calcium oxid absorp- 
tion chiefly by the maintenance of proper digestive conditions, it is 
impossible to say. It is quite certain that a very low fat intake brings 
about abnormal digestive conditions, as judged by the type of stool. 
Finally, it seems safe to conclude that the conditions for proper calcium 
absorption are much better when the fat intake is generous. 





